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Air pollution in the Detroit — Windsor area has been a cause of public
concern for many years. As a result of this concern, the City of Windsor in 1964
requested of the Government of Canada, through the Province of Ontario, that
action be taken to abate the flow of transboundary pollution emanating from the
industrial complex in Wayne County, Michigan.
The Governments of Canada and the U. S. , in considering this matter,
decided to extend the geographical area of consideration because of complaints in
the Port Huron, Michigan, area of a transboundary flow of air pollution emanating
from the industrial complex in the Sarnia, Ontario, area.
Accordingly, the Governments referred this matter, in September 1966,
to the International Joint Commission for investigation of the following questions:
1. Is the air in the vicinity of Port Huron - Sarnia and Detroit -—- Windsor
being polluted on either side of the international boundary by quantities
of contaminants that are detrimental to the public health, safety, or
general welfare of citizens or that are detrimental to property on the
other side of the international boundary?
2. If the first question or any part of it is answered in the affirmative,
what sources contribute to this pollution and to what extent?
3. If the Commission should find that any sources on either side of the
boundary in the vicinity of Port Huron - Sarnia and Detroit - Windsor
contribute to air pollution on the other side of the boundary to an extent
detrimental to the public health, safety, or general welfare of citizens
or detrimental to property, what preventative or remedial measures
would be most practical from economic, sanitary, and other points of
View? The Commission should give an indication of the probable total
cost of implementing the measures recommended.
INVESTBATKNS
The Commission established in November 1966 the St. Clair — Detroit Air
Pollution Board to conduct on its behalf an investigation to answer the questions
referred to the Commission by-Canada and the U. S.
In conducting this study, the Board utilized the facilities and manpower of
the following participating agencies:
1. National Air Pollution _ Department of Health, _ U 5
Control Administration Education, and Welfare . .
2. Environmental Health _ Department of National _ Canada







Air Management Branch - Department of Energy - Ontario,
and Resources Canada
Management
Division of Occupational - Department of Public _ Michigan,
Health Health U. S.





Cooperation was obtained from municipalities in Ontario as well as from
municipal agencies in Michigan.
During the 1968 study period the following work was undertaken:
1.
Air quality measurements were made on both sides of the international











In addition, samples of suspended particulates were analyzed quantita-
tively for 16 metals. Odorous pollutants were investigated in a special
survey. An aircraft was instrumented and flown along the boundary to
measure directly the ﬂux of pollutants across the boundary.
Meteorological measurements were taken at 15 locations.
An inventory of atmospheric emissions was made of pollutants emanating
from all sources.
A study of the effects of air pollutants in the area on selected vegetation
and materials was conducted.
For the preparation of this report, the following methods of evaluation were
Production of pollution roses that show the frequency of wind directions
along with selected pollution levels at measuring stations, thus indicating
the frequency of the transboundary flow of pollutants.
Case studies of the wind direction that accompanied the occurrence of
levels of pollution in excess of concentrations that cause adverse effects.
Use of a mathematical dispersion model to compute the average concen-
trations on the opposite side of the boundary that result from trans-
boundary flow.
Direct measurements of the transboundary flux of pollution by measure-
ments taken on an instrumented aircraft.
RESULTS AND CONCLUSIONS
Because of the mass of information collected, all the data have not been
analyzed; however, sufficient analysis has been performed to warrant the following
conclusions:
XX
 l. A transboundary flow of air pollutants does occur across both the St.
Clair and Detroit River international boundaries in the vicinities of Port
Huron - Sarnia and Detroit - Windsor, producing pollution levels that
are in excess of desirable air quality standards already established in
Ontario and about to be established in Michigan. Although many pollu-
tants were measured, particulates and SOx only were used in this eval-
uation because of their magnitude and obvious relationship to area and
point sources. It has been determined that SOX and particulate pollution
does exist and, in some regions of the study, pollution is being trans-
ported across the international boundary to an extent detrimental to the
other country. In the Detroit - Windsor area, far more SOx and parti-
culate pollution is being transported from the U. S. into Canada than
from Canada into the U. S. In the Port Huron — Sarnia area, trans-
boundary pollution was also verified; however, the contributions from the
respective countries were approximately equal.
2. In addition to pollution from transboundary flow of air pollutants, certain
areas in both the U. S. and Canada are experiencing levels of air pollu-
tion in excess of their air quality standards because of sources located
in their respective jurisdictions.
3. Transboundary and local pollution both exceed the level that is detrimental
to the health, safety, and general welfare of citizens, and to property on
the other side of the international boundary.








































the Windsor, Ontario, area reached values as high as O. 04 ppm (Station 203),
well above the acceptable annual average value of 0.02 ppm set by the
Ontario standards. On the other hand, the combined contributions of Canadian
point and area sources to annual average 802 pollution concentrations in the
Detroit, Michigan, area were found to be insignificant except for some minor
effects in the vicinity of Belle Isle and Grosse Point, Michigan. In the Detroit —
Windsor area, there Were 17 continuous SOz analyzers, 11 in Detroit, and 6 in
Windsor. All 17 stations reported annual average 502 concentrations equal to or
greater than 0. 02 ppm. Three of the Detroit stations and two Windsor stations
reported annual averages equal to or greater than 0. 03 ppm.
l
Particulates - The dispersion model estimates show that the combined contributions
of U. S. area and point sources to the annual average concentrations of particulates
in the Windsor area were very significant. U. S. sources contribute the equivalent
of at least the entire annual average particulate concentration loadings allowed‘
under Ontario standards (60 rig/m ) for a large portion of the Windsor area. For
some sections of the area, particulate pollution from the U. S. exceeds 140 ug/m3.
An analysis of the particulate pollution roses for stations in Windsor shows
a relatively high frequency of occurrence of pollution associated with westerly
winds. This association tends to implicate as a source the heavily industrialized
U. S. area of Zug Island and the southern section of the city of Detroit.
A case study of Station 203 in Windsor showed that soiling indices exceeding





The dispersion model estimates show that Belle Isle and the mainland area
in the immediate vicinity of Detroit are affected by Canadian area and point sources
of particulates. The maximum contributions (20 pg/m3) from Canada to the
Detroit area, however, averaged well below both the Ontario standards and the
proposed Michigan standards.
In the Detroit - Windsor area, suspended particulates were measured at
34 locations. Thirty—three of the 34 locations reported annual means in excess of
60 [lg/m3. Ten stations in Windsor and 13 in Detroit reported annual means in
excess of 80 p.g/m3. Eight stations each in Detroit and Windsor reported annual
means in excess of 100 pg/m3.
Port Huron - Sarnia Area
Sulfur Dioxide - The dispersion model estimates indicate that for part of the Cana-
dian area opposite and south of St. Clair, Michigan, 802 from U. S. sources equaled
or exceeded the concentration limits set by the Ontario standards (0. 02 ppm annual
average). Outside this affected area, U. S. sources contributed approximately half
of the maximum concentration allowed by the Ontario standards.
A case study of Station 156 south of Sarnia showed hourly average concen-
trations of 802 exceeding 0. 30 ppm most frequently when the winds were fromthe
south-southwest. The likely source of such pollution is a thermal electric power
plant on the U. S. side of the boundary.
Canadian point and area sources were calculated as producing average annual
SOZ concentrations in the extreme eastern portion of the city of Port Huron that
equal or closely approach the Ontario standards for residential or rural areas.
Elsewhere in the U. S. portion of the area, Canadian contributions to $02 pollution
were insignificant.
In the Port Huron - Sarnia area, 502 was measured continuously at 12 loca—
tions. All 12 locations reported annual averages equal to or greater than 0. 02
ppm. One station each in Port Huron and Sarnia reported annual averages equal
to or greater than 0. 03 ppm.
Particulates - Dispersion model estimates for the industrial area south of Sarnia,
Ontario, indicate that U. S. point and area sources contributed on an annual average
basis more than 35}.Lg/rn3 of suspended particulates, or more than one —half of the
total concentrations allowed under the Ontario standard. In general, throughout
the region north of Sombra, Ontario, and within about 6 miles of the St. Clair
River, U. S. sources contributed particulate pollution amounting to approximately
one-third of the total concentration allowed under the Ontario standards.
The southeastern portion of Port Huron, Michigan, was calculated as
receiving from Canadian point and area sources, on an annual average basis,
one-third of the particulate concentrations allowed under the proposed Michigan
standards.
The particulate pollution roses for stations in Port Huron - Sarnia suggest
a transboundary flow from sources in the petroleum—related industrial complex
south of Sarnia and from thermal electric power plants south of Port Huron.
xxii
  
 A case study of Station 310 in Port Huron showed 2-hour average concen—
trations of soiling index in excess of 2. O Coh/l, 000 lineal feet with wind from
the south—southeast. Winds from this direction would transport pollution from
Canadian sources south of Sarnia across the boundary to the station in Port Huron.
In the Port Huron - Sarnia area, suspended particulates were measured at
22 locations. All 11 stations near Sarnia and 7 of the 11 stations near Port Huron
reported annual averages in excess of 60 pg/m3. Five stations in Sarnia and two
in Port Huron reported annual averages in excess of 80 ug/m3. Three stations in
the Sarnia area reported annual averages in excess of 100 #g/m3.
Odors — There is an odor problem in the Port Huron - Sarnia area that does not
lend itself to the quantitative analysis possible in the case of 502 and particulates;
nevertheless, it does deserve serious consideration.
Odors from industrial operations in the Sarnia area have long been a source
of complaints by local residents who live along the bank of the portion of the St.
Clair River extending south from Port Huron and Sarnia to Marine City and Sombra,
The odors observed in the Port Huron - Sarnia area were considered to be a mix-
ture caused by petroleum refining and petroleum-related organic chemical manu-
facturing in Sarnia. The "dead fish" odor observed in the Marine City area
appears to originate at the Chinook Chemical Company south of Sombra, Ontario.
Odors which fall into the general category discussed above do not have the
effects upon health associated with SOX and particulates.
They do have aesthetic
effects and can in fact cause a lack of personal well being; if continued over a long
period of time, they can indirectly produce ill health.
Air Quality Standards
In analyzing the data, the Board noted discrepancies between the established
Ontario and the proposed Michigan ambient air quality standards as'follows:
Michigan (Proposed) Ontario
SOX,




mean 80 g/m3 60 g/m3
Although it is beyond the scope of this Board to resolve these discrepancies,
it should be noted that the standards set by Ontario and proposed by Michigan have
been used in the body of this report and in the summary to assess the air quality
of the respective jurisdictions.
In addition, Ontario has set standards for ten other pollutants for which no
comparable limits have yet been fixed in Michigan. Ontario figures, therefore,


































































































































































































































































































































































































































































































































































































































































































































































































































































































their respective air pollution control agencies to establish uniform air
quality standards as soon as possible.
5. That the governments of the United States and Canada, together with the
State of Michigan and the Province of Ontario, cooperate to control trans-
boundary air pollution from existing sources and to prevent creation of
new sources of transboundary air pollution.
6. That with the issuance of the Commission's report, the Board be
terminated.
XXV
 JOINT AIR POLLUTION STUDY
OF ST. CLAIR—DETROIT RIVER AREAS
FOR INTERNATIONAL JOINT COMMISSION
CANADA AND THE UNITED STATES
I. INTRODUCTION
Air pollution in the Port Huron — Sarnia and Detroit - Windsor areas has
caused public concern for many years andhas been the subject of extensive
investigation by several organizations. An earlier study, of the Detroit —
Windsor area only, was conducted by the International Joint Commission primarily
to assess the extent and effects of vessel smoke on both sides of the international
boundary and to make recommendations on remedial action.
The International Joint Commission initiated the investigation described in
the present report in response to a request by the Governments of the U. S.
and Canada that the Commission inquire into and report on the questions:
1. Is the air in the vicinity of Port Huron — Sarnia and Detroit - Windsor
being polluted on either side of the international boundary by quantities of
contaminants that are detrimental to the public health, safety, or general
welfare of citizens or that are detrimental to property on the other side
of the international boundary?
2. If the first question or any part of it is answered in the affirmative,
what sources contribute to this pollution and to what extent?
3. If the Commission should find that any sources on either side of the
boundary in the vicinity of Port Huron - Sarnia and Detroit — Windsor
contribute to air pollution on the other side of the boundary to an extent
detrimental to the public health, safety, or general welfare of citizens
or detrimental to property, what preventative or remedial measures
would be most practical from economic, sanitary, and other points of
View? The Commission should give an indication of the probable total
cost of implementing the measures recommended.





    
   


































































































































































































































































































































































































































































































































































































































































































































































side of the boundary; and to recommend methods and estimate costs of control.
The emphasis placed on the transboundary aspects differentiates this study from
previous ones that were concerned mainly with problems within the respective
countries. The previous investigation of the Detroit - Windsor area by the
International Joint Commission, a task referred to it by the two Governments on
January 12, 1948, was undertaken solely to assess the nature, extent, effects,
and control of pollution in Detroit and Windsor by vessels on the Detroit River.
The report1 on that study was submitted May 31, 1960. In that Commission
report, notwithstanding its primary concern with vessel smoke, the question of
transboundary pollution was discussed. It was pointed out that the factors affect—
ing the transboundary flow of pollutants included the location and course of the
Detroit River, wind patterns in the area, and the sites of major industrial sources,
including vessel traffic. Studies of wind patterns indicated that air pollutants
were blown from the U. S. into Canada more frequently than in the reverse
direction.
Measurements made in that study indicated a considerable flow of particu—
lates from sources in the River Rouge - Zug Island area of the U. S. into
the Ojibway area of Canada. Observations of air movements across the boundary
showed that any substantial source of pollution on either side concerns both coun—
tries. In conclusion, the Commission also pointed out that industrial, domestic,
and transportation activities on land contributed much more to the overall pollu—
tion of the atmosphere than did vessels plying the river, and that transboundary
air flow was an important factor in that contribution. The Commission concluded,
however, that adequate legal and administrative authority existed for enforcing
the proper control of emissions from sources other than vessels.
Another study2 to assess the extent of transboundary pollution affecting the
Canadian side of the Detroit River opposite the industrial complex of River Rouge —
Zug Island was made ‘for the period September 20 to November 15, 1963, by the
Canadian Departments of Transport and National Health and Welfare, and the
Province of Ontario Department of Health. Total particulates and iron concentra-
tions were measured at seven sites in the Windsor area. Excessively high concen-
trations of suspended particulates were found on 49 percent of the days sampled.
The 24-hour average iron concentrations were of the same magnitude as the highest
found by the U. S. National Air Sampling Network. When the air quality data were
related to meteorological data, the highest pollution levels were found to occur
when the winds were blowing from the direction of the industrial sources on the
Detroit side of the river (Zug Island - Ecorse).
No reports were available that identified and qualified thetransboundary air
pollution flow in the St. Clair River area. Measurements of the concentrations of
several pollutants and of meteorological variables have been made, however, on
both sides of the St. Clair River by the Province of Ontario and the State of Michi-
gan. In addition, an industrial group on the Canadian side has measured contami—
nant levels for many years.
1.2 DESCRIPTION OF THE AREA
The industrial and demographic characteristics of an area are clues to the
potential for air pollution. Whether the potential becomes reality is determined




 area. An outline of the Detroit - Windsor and Port Huron - Sarnia areas in terms
of topography, demography, and meteorology provides a setting for the discussion
of air pollution problems.
1. 2.. 1 Topography
The area includes the industrialized sectors along the St. Clair and Detroit
Rivers. The rivers connect Lake Huron with Lake St. Clair, and Lake St. Clair
with Lake Erie. Lake Huron, with an average elevation of 580 feet above mean
sea level, drains southward through the St. Clair River to Lake St. Clair, which
has an average elevation of 574 feet. Lake St. Clair drains southwestward from
Peach Island to Zug Island and then southward to Lake Erie, which has an average
elevation of 572 feet.
The northern area is a flat plain which rises gradually from an elevation of
600 feet at the banks of the St. Clair River to 650 feet about 15 miles east and 10
miles west of the river. The shallow valley of the St. Clair River is narrowest
at its Lake Huron end in the vicinity of Port Huron — Sarnia.
The terrain in the vicinity of the Detroit River is nearly flat as well. It
rises from 575 feet at the river to 625 feet southeast of Windsor. On the Michigan
side, it rises to 600 feet within a short distance of the river banks and increases
gradually to nearly 800 feet within 15 to 20 miles from the river.
The nearest hills are about 50 miles away in Michigan with an elevation of
about 1, 500 feet at the highest point. There are no major terrain elevation differ-
ences that would affect the dispersion of pollutants within the areas under study.
1. 2. 2 Demography
The political subdivisions, shown in Figure 1-1, that are involved in the
study are Wayne, Oakland, Macomb, and St. Clair Counties in Michigan, and
Essex, Kent, and Lambton Counties in Ontario. The St. Clair River forms the
international boundary between St. Clair and Lambton Counties, with Port Huron
and Sarnia situated on opposite sides of the river. Essex County is a peninsula
bounded by Lake Erie on the south, Lake St. Clair on the north, and the curved
course of the Detroit River on the west and northwest. Kent County lies east
of both Lake St. Clair and Essex County. Wayne County borders on the entire
course of the Detroit River and also on a small part of Lake St. Clair. North
of Wayne County are Oakland and Macomb Counties, the latter bordering on
Lake St. Clair. Greater Detroit includes generally the northwest half of
Wayne County plus adjacent parts of Oakland and Macomb Counties. The city of
Windsor borders on the upstream arc of the Detroit River, and urban .Detroit
spans almost three quadrants northeast, northwest, and southwest of Windsor.
1. 2. 2. 1 United States - Michigan - Wayne, Oakland, and Macomb Counties,
considered the Detroit metropolitan area, have more than 4 million inhabitants
and over 4, 700 manufacturing enterprises. Like other large metropolitan areas,
population growth during the past two decades was high but variable. Between
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 1950 and 1960, explosive suburban growth was accompanied by a slight decline in
the city's population.
Wayne County, with an area of 623 square miles, now has a population
exceeding 2. 75 million, with a projected population of nearly 4 million by the
year 2000. The county is highly industrialized, and accounts for 35 percent of
U. S. automobile manufacturing.
Oakland County has some 900 square miles, of which 28 percent is urban.
By a recent calculation, 54 percent of the county‘s area will be urban by 1990.
The population is now approximately 800, 000 and is expected to double by the year
2000. Manufacturing accounts for nearly half of the 195, 000 jobs. Only 59 percent
of the employed workers who live in the county also work there.
Macomb County has an area of 481 square miles; its population, now over
575, 000, is expected to reach 1. 6 million by the year 2000. Until 1940, nearly the
entire county was agricultural, but the southern portion of the county is under-
going rapid residential, commercial, and industrial development.
St. Clair County has an area of 723 square miles and a population of nearly
110, 000. The future urban area in St. Clair County is expected to connect with
the Detroit metropolitan area, with the St. Clair population exceeding 250, 000 by
the year 2000. Manufacturing is the largest part of the county's economy, employ—
ing 29 percent of a labor force of over 38, 000. The county specializes in four
industries: primary metal products, paper products, chemicals, and rubber and
plastic products.
1. 2. 2. 2 Canada - Ontario — Essex County has an estimated population exceeding
295, 000, with more than 212, 000 living in metropolitan Windsor. Windsor,
Amherstburg, and Tecumseh, with 222, 000 people, are all near the Detroit River.
The county population is expected to be more than 460, 000 by the year 2000. The
manufacturing facilities in the county arelocated near the border. The labor
force was greater than 93, 000 in 1961 and was estimated at 106, 000 in 1968.
Lambton County has a population of about 115, 000, of which over 62, 000
live in the Sarnia urban area. The population of the county is expected to grow to
175, 000 by the year 2000. Over half of the county's population and work force is
near the St. Clair River border. The work force was 37, 000 in 1961 and was
estimated at over 41, 000 in 1968. The major industries are chemicals and oil
refining.
1. 2. 3 Meteorology
This U. S. — Canadian border area, lying between 42 and 43 degrees
north latitude and approximately 83 degrees west longitude, has a continental
climate characterized by warm summers and cold winters with a moderating
influence due to the proximity of the Great Lakes. Wind direction and speed and
the stability of the lower atmosphere are the meteorological factors of most
significance to the dispersion of air pollutants in this area.
1. 2. 3. 1 Winds - Although the area lies in the zone of the prevailing westerly
winds, it is near the mean summertime position of the polar front. Storm systems
that move generally eastward are accompanied by northward and southward dis—
I
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 placements of the front. Consequently, the spring and summer winds are less
consistent than those of fall and winter.
Table 1-1 gives the long-term frequencies of wind direction and average wind
speeds at the Detroit City Airport and at the Sarnia Tower. For comparison, the
corresponding data are also given for the year of this investigation, December
1967 through November 1968. A graphic comparison, in the form of wind roses
that depict the wind direction frequencies for the two periods, is shown in Figures
1-2 and 1-3.
A comparison of the wind direction and speed data of the two periods generally
showed only slight differences. The only notabledifferences indicated were in the
Detroit area. At the Detroit City Airport, a greater frequency of west winds was
accompanied by less frequent northwe st and north winds during the investigation
period as compared to the longer period.
Differences between the Detroit and Sarnia wind direction frequencies reveal
the influence of topography on the winds at the two locations. In the St. Clair
River area, channeling appears to occur along the St. Clair River, and Lake Huron
exerts an influence on land-lake breezes. These effects produce an increase in
the frequency of winds from the north—northeast and south-southwest. The land-
lake breezes occur mostly during the spring and summer and show a diurnal
cycle, with off-lake winds occurring during the day and off-land winds occurring
during the night. The differences in the frequencies of wind directions during the
day and night are illustrated by Figure 1-4, which shows the wind roses for the
investigation period. The decrease in the frequency of north-northeast winds
during the night is striking. By comparison, little difference appeared between
the day and night wind roses for the Detroit City Airport.
Figure 1-5 shows the climatological wind roses for all stations used in the
study. Although the winds that blow parallel to the St. Clair River predominate,
the winds in that area more frequently transport air from the U. S. into
Canada than in the reverse direction. Because of the bend in the Detroit River
and the north-south, east—west orientation of the International Boundary, the
winds in the Detroit - Windsor vicinity blow from one country to the other with
almost equal frequency. In the southern portion of this area, however, where
the U. S. side of the border is heavily industrialized, the winds blow more
frequently from the U. S. into Canada than in the reverse direction, as
indicated by the roses for Stations 412, 211, and 410 in Figure 1-5.
Increased wind speeds cause a reduction in pollution concentrations when
the pollutants are emitted from near ground level. The difference in the average
wind speeds given in Table 1-1 for the Detroit City Airport (about 10 mph) and
the Sarnia Tower (8 mph) are due to the differences in the heights at which the
sensors were exposed. The Detroit City Airport anemometer is exposed at 81
feet, Whereas the Sarnia Tower data given are for an elevation of 20 feet. At the


















Tab1e 1-1. FREQUENCY OF WIND DIRECTION AND ANNUAL AVERAGE WIND









Station Period N NNE NE ENE E ESE SE SSE S SSW SW WSW W WNW NW NNW Ca1m mph
Detroit City Dec1967-
Airport Nov 1968 6.1 3.0 1.8 3.4 4.3 4.6 4.0 4.0 12.0 4.6 7.8 6.6 13.9 10.0 4.6 4.0 5.1 10.2
1951-1960 9.9 4.3 4.1 3.8 5.8 3.7 4.6 3.0 9.7 5.3 9.1 5.5 9.1 8.2 8.9 4.3 1.2 10.1
Sarnia Dec 1967—
Tower, at Nov 1968 5.3 9.2 2.0 1.9 2.0 3.9 3.3 7.6 10.1 14.4
20 feet
1965-1968 8.0 8.9 3.0 1.8 2.6 3.3 4.4 5.5 9512.7
 
 
5.8 8.8 5.3 5.3 1.9 8.0
1 7.3 6.96.4319 1.4 8.0
                 




















Figure 1-3. Percent frequency of wind directions for survey and long-term periods at











 a 5.0 10.0 i5.o
FREQUENCY, pmm
Figure 1-4. Wind roses showing frequency of wind directions
for day (0700 to 1800 hrs) and night (1900 to
0600 hrs) at Sarnia tower (20—ft level), December
1967 through November 1968.
ZOO-foot level of the Sarnia Tower, the winds average about 13 mph. The annual
average wind speed in the study areas is much the same as the average wind
speed across most of the Great Lakes region.
1. 2.. 3. 2 Atmospheric Stability — The stability of the lower atmosphere, of which
change in temperature with height is an indication, affects the dispersion of air
pollutants. The more rapidly the air temperature decreases with height, the more
unstable the air becomes. Unstable air enhances vertical dispersion and generally
results in lower ground-level pollutant concentrations. A layer in which the tem—
perature increases with height is called an inversion. Inversions inhibit vertical
dispersion and dilution of pollutants. Prolonged inversions, such as may occur
during atmospheric stagnations of several days, can result in the excessive con—
centration of air contaminants.
The percentage frequency of inversion occurrences by season and time of
day for a tower in northwest Detroit (about 10 miles from downtown) and another
south of Sarnia are shown in Tables 1-2 and 1-3. Historical data are given in the
tables for both the Sarnia and Detroit data. In addition, Sarnia tower data obtained
during the investigation are included. The Detroit tower was not operated during
the period of investigation. The data are not strictly comparable since the Detroit
records were based on temperature measurements made at 20 and 300 feet above
the ground whereas the Sarnia data were from 2.0 and 200 feet. The difference in
the depths of the layers and the height from which temperature measurements
were obtained contributes some to the greater frequency of inversions shown for
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Tab1e 1—2. FREQUENCY OF OCCURRENCE OF INVERSIONS AT DETROIT
AIRPORT TONER BY TIME OF DAY AND SEASONS, JANUARY THROUGH
DECEMBER 1959 AND MARCH 1962 THROUGH FEBRUARY 1963
 
Hours, %
Time Winter Spring Summer Fa11 Annua1
00-05 7.8 12.7 19.0 14.5 13.5
06-11 5.9 4.6 6.9 7.6 6.3
12-17 2.2 0.7 1.6 0.8 1.3
18—23 8.0 9.0 11.6 13.0 10.4
Tota1 23.9 27.0 39.1 35.9 31.5
     
Tab1e 1-3. FREQUENCY OF OCCURRENCE OF INVERSIONS AT SARNIA TOWER BY




Period ) Time Winter Spring Summer Fa11 Annua1
00-05 18.9 19.6 23.4 20.6 20.6
Jan 06—11 11.9 5.3 3.7 8.4 7.3
1963 — 12-17 6.2 1.9 0.9 3.2 3.1
Dec 1964 18-23 17.1 18.2 19.4 20.6 18.8
Tota1 54.1 45.0 47.4 52.8 49.8
00—05 13.3 18.6 21.2 19.4 18.2
Dec 06-11 6.8 6.3 4.8 7.6 6.4
1967 — 12-17 4.8 2.1 1.0 3.3 3.9
Nov 1968 18-23 13.7 17.0 18.2 19.2 17.1
Tota1 38.6 44.2 45.3 38.6 44.5
     
creation of shallow inversions. The difference in the height of measurements at
the two stations, the different periods of data collection, and the "heat island"
effect of urban Detroit all could contribute to the greater frequency of inversions
found at Sarnia. The differences in inversion frequency between the earlier period
and the period of the investigation were insignificant.
The inversion frequency data indicated that on an annual basis, ground—based
inversions occur in the Detroit - Windsor and Port Huron - Sarnia area between
30 and 50 percent of the time. They revealed the expected diurnal variations in
frequency related to surface coolness; that is, inversions occur most frequently
when temperatures are minimal near sunrise and least frequently when tempera-
tures are maximal in the afternoon. Inversions in the general area occur most
frequently in summer and fall, when clouds, precipitation days, and average wind
introduction 1-1 1
 speeds are minimal. Further analysis of the inversion data in relation to Winds
(summaries not given) showed that few inversions occurred with moderate or
strong winds, apparently because of greater mechanical mixing. The Detroit
and Sarnia data showed that inversions were frequent when winds were less
than 4 mph but rarely occurred when winds were greater than 10 mph.
Further, the data for Detroit and Sarnia revealed that inversions occurred most
frequently with southerly winds.
Besides variations in the frequency of inversions with time of day, the per-
sistence of inversions is of concern. Inversions that persist for many hours
will, of course, tend to cause a greater build up of pollution than those that last
only a few hours. The number and percent of inversions persisting for various
lengths of time during the investigation period are shown in Table 1—4 for Sarnia
tower. The table indicates that few prolonged inversions occurred. Although
about half of the cases lasted 12 hours or more, only one percent, or three cases,
lasted 24 hours or more.
Table 1-4. PERSISTENCE 0F TEMPERATURE INVERSIONS
AT SARNIA TONER BETWEEN 20 AND 200 FEET,
DECEMBER 1967 THROUGH NOVEMBER 1968
  
Casesa of inversion durations






















aTota1 cases = 272.
There is further evidence to indicate that prolonged periods of poor disper—
sion are infrequent in the area. Numerous studies have shown that the potential
for major air pollution episodes is related to incidence of stagnating anticyclones
(high pressure areas) with associated inversions that linger a few days. Korsho—
ver, in a study examining the weather patterns for the 30-year period, 1936




















every 2 years. In contrast, there were 90 such cases in parts of the Southern




Appalachians during the same period. The greatest number of the stagnating high
pressure areas in Eastern North America occurred in October. An examination
of weather patterns during the investigation indicated that no lengthy stagnation
periods occurred during this period.
1. 2. 3. 3 Other Meteorological Factors
l. 2. 3. 3. 1 Sunshine — Photochemical reactions may take place between
pollutants to produce compounds more objectionable than the original ones. As
sunlight is the energy source for these reactions, the amount of sunshine is an
important factor in air pollution studies. Table 1-5 shows the percentage of the
hours between sunrise and sunset when direct solar radiation was received at the
ground at the Detroit City Airport and at Chatham in Kent County. Some of the
differences observed between areas may result from the different types of instru-
ments used and possibly from additional cloudiness at Chatham due to its location
relative to Lakes St. Clair and Erie.
Table 1-5. PERCENT OF POSSIBLE HOURS OF SUNSHINE, GIVEN BY MONTH; BASED ON 30-YEAR
RECORD AT DETROIT CITY AIRPORT AND 3T—YEAR RECORD AT CHATHAM, ONTARIO
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1. 2. 3. 3. Z Degree-days — During the heating season, the temperature of the
air indirectly affects air pollutant concentrations in an area because of its inverse
relationship to the amount of fuel required for space and residential heating. The
heating "degree-day" parameter is used as an index of fuel consumption and is
computed for each day by subtracting the daily mean temperature from 65 ° F;
negative values are considered "zero. "
Table 1-6 gives heating degree-days by month for Detroit City Airport,
Windsor Airport, Sarnia, and Port Huron. Differences in annual degree-days
among them are less than 10 percent. Since the most densely populated areas
show the lowest degree-days, part of the differences can be explained by the
urban heat island effect.
I. 2. 3. 3. 3 Precipitation - Precipitation is an important weather element
affecting air pollution because of its washout or scavenging effects on the large
particulates suspended in the atmosphere. Rainfall is thus desirable since air
is partially cleansed by the coalescence of particles with raindrops.
Precipitation occurs in this area most frequently during the late fall, winter,
and spring seasons. Table 1-7 gives by month the normal amounts of precipitation














































Tab1e 1—6. CLIMATOLOGICAL AVERAGE; DEGREE-DAYS GIVEN BY MONTH




















Windsor 1,225 1,096 977 555 251 54 22 16 102 391 768 1,121 6,579
Airport
Sarnia 1,243 1,158 1,023 645 353 96 31 34 114 425 774 1,138 7,061
             
Port Huron 1,200 1,170 950 720 300 90 10 30 120 390 770 1,100 6,851
Tab1e 1-7. NORMAL AMOUNTS 0F PRECIPITATION
(in.)





















































           
Tab1e 1—8. AVERAGE NUMBER OF DAYS WITH PRECIPITATION;
BASED ON PERIOD 1951 THROUGH 1960
Jan Feb Mar Apr May June Ju1y Aug Sept Oct Nov Dec Annua1
Windsor 14 13 14 12 12 1O 1O 9 9 9 12 14 138
Airport
Detroit City 14 13 13 13 13 11 9 9 9 9 12 13 138
Airport
             





























































possible sunshine than normal. The year studied was somewhat warmer than
normal and, correspondingly, the number of heating degree—days was less than
normal. Although the precipitation exceeded the normal by 20 percent, there












Table 1-9. COMPARISON OF ANNUAL METEOROLOGICAL PARAMETERS
FOR THE SURVEY PERIOD AND CLIMATOLOGICAL DATA
FOR DETROIT CITY AIRPORT
  
Survey period Climatic mean
Possible hours ofsunshine, % 69 54
Average temperature, °F 51.4 50.1
Number of heating degree-days 5898 6232
Total precipitation, in. 37.67 30.95
'Number of days with precipitation IO7 138
Z 0.01 in.
Data from the investigation of winds, atmospheric stability, and other
meteorological factors showed some deviations from the long-term averages or
"normals. " In general, however, these anomalies were not excessive, so that
the year of study may be considered to have had nearly normal meteorological
conditions.
1.3 AIR (IMLTI'Y SURVEY DESIGN
Because of the different industrial characteristics of the St. Clair and
Detroit River areas, the types of pollution problems present also differ. This
was apparent from the inspections made by the Board and from the comments
made at public hearings conducted in June 1967 in Port Huron and Windsor by
the International Joint Commission. Essentially, complaints from the St. Clair
River area at the public hearings were from the U. S. side and related to odors
from oil refineries and chemical plants on the Canadian side. Complaints from
the Detroit River areaoriginated mainly from the Canadian side as the result
of particulate emissions from metallurgical industries southof the city of Detroit.
In each case, responses from the public to the pollution that crossed the border
were almost entirely one-sided, being directed against the Canadian side in Port
Huron - Sarnia and against the U.S. side in Detroit - Windsor.
 
l. 3. 1 Design Considerations
Sulfur dioxide was generally known to be a significant pollutant in Sarnia as
a result of the operation of the oil refineries in the Sarnia area and because of the
proximity of the large coal-burning power plant facilities on both sides of the St.
Clair River. Odors from sources in Sarnia were a problem in Port Huron and
Sarnia, and particulates were a significant problem on both sides of the St. Clair
River. When synergistic chemicals such as styrene and halogens reacted, strong
lacrimators were formed that, depending on wind direction, had profound effects
on the receptor population. For at least 25 years, until corrected in late 1969,
emissions from the coal-burning facilities of the Polymer Corporation in Sarnia
caused appreciable difficulty in the city of Port Huron across the river.
The same type observations could not be made for Windsor and Detroit,
mainly because the character of the industry there is different and the extent of
the development of the downriver Detroit area is much more extensive and intense
than that in Windsor to date. It was reasonable to expect that residents of the
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 Windsor area would readily complain about Detroit and downriver Detroit sources
because transboundary pollution is obvious. On the other hand, residents of the
Detroit and downriver Detroit area have experienced pollution from local sources
and perhaps did not complain of any sources on the Windsor side of the river
because pollution from those sources was not readily apparent, even though it
existed. '
The differences in the nature of the industries and the resulting complaints
in the two areaswere considered in the survey design. In Windsor, Detroit, and
environs, the greatest attention was given to particulates. The instrumentation
used to measure particulates consisted primarily of dustfall gauges, high-volume
samplers for the measurement of total suspended particulates, and filter-tape
samplers for the determination of smoke haze or soiling index. Considerable
stress was placed upon defining the composition of suspended solid matter, and a
substantial number of samples were analyzed for various metals, particularly
iron.
Because of the large amount of fuel used in Detroit, 802, probably a major
transboundary pollutant, was measured. For completeness, rather than for indi-
cations of border pollution, NOX, CO, HC, and oxidants also were measured in the
Detroit - Windsor area. Other pollutants, including sulfates, polycyclic HC, sul-
furic acid, and fluorides, were measured at some locations.
In the Port Huron — Sarnia region, greater emphasis was placed upon gas-
eous and volatile pollutants such as HC, hydrogen sulfide (H28), NOx, 502, and
oxidants. Dustfall, suspended particulates, and soiling index also were measured,
but less intensively than in the Detroit — Windsor area. Particulate samples







































































































observations made are contained in Section 2.
l. 3. 2 Emissions Inventory
A detailed inventory of all sources of pollution was conducted in each of the
two survey areas to identify the relative contributions of different source types
and to establish the overall quantitative discharges of the various pollutants.
Particulate, 50);, CO, HC, and NOx emissions were tabulated on the bases of
a detailed questionnaire and engineering estimates made by the source inven-
tory survey group. The information was classified to provide an estimate of
the respective quantitative contributions from industrial, governmental, domes-
tic, and vehicular sources.
1 . 3. 3 Meteorological Observations
As a basis for determining the transboundary ﬂow of contaminants and the
identification of specific pollution sources, wind direction and speed data were
collected at several sites in both of the survey areas. Data were obtained at












 A secondary purpose of these observations was to provide, in conjunction
with the source inventory data, a basis for developing simulation models for the
prediction of present pollution levels and future trends. To facilitate this work,
temperatures of the lower atmosphere were measured routinely at instrumented
towers in Sarnia and Windsor. During special periods of intensive study, pilot-
balloon wind measurements and tethered—balloon temperature soundings were made.
In addition, an instrumented aircraft was used during a 2-week period to
assess the detailed pattern of pollution in a cross section along the border at times
of transboundary flow. Sulfur dioxide and particulates were measured from the
aircraft while detailed meteorological observations were being made from the
ground.
The meteorological data were used to assess the representativeness of the
survey sampling period by comparing them with long -term data available from
permanent national meteorological stations and from existing state and provincial
air quality stations.
1. 3. 4 Special Studies on Effects
An Effects Committee was formed to advise the Air Pollution board and to
make recommendations on the need for and development of studies on health
effects or epidemiology. After a review of the levels at which the effects of air
pollution on health and welfare could be measured, the populations that were
available for study, and the shortcomings of the earlier Windsor - Detroit health
survey, the Committee recommended that a series of new studies be undertaken.
Arrangements for a public perception study to be conducted in the Windsor and
Sarnia areas are well underway. The Board intends to report on this work at a
later date.
Other special observations were made to assess the effects of pollu-
tants on vegetation and materials.
These studies included the examination of
existing plants, crops, and gardens, and the exposure of specific plant species to
ambient pollutants in special chambers._ The inﬂuence of pollution on materials
was assessed by the exposure to pollution of a variety of materials in the Effects
Package routinely used by the U. S. National Air Pollution Control Administration.
1. 3. 5 Summary of Project Design
The general structure of the 1968 survey as stated in the final project out—
line included the following separate components:
1.
A meteorological study of the two affected regions to delineate
any international flow of pollutants;
2. Measurement of the contamination of air masses crossing the
international boundary;
3. Identification and evaluation of harmful effects caused by the
transboundary flow of air pollution;
4. Identification and quantification of sources of transboundary pollution;
5. Determination of the appropriate control measures and estimation of
the costs of implementing them.
The study area contained a final network of 80 aerometric sampling loca-
tions. Of these, 53 collected suspended particulate data and 26 monitored for

































































































































































Figure 1-6 (continued). Locations of International Joint Commission sampling stations.
 
   
TabIe I—IO. LEGEND OF SAMPLING OPERATIONS AT LOCATIONS
GIVEN IN FIGURE 1—6
m w T‘









































































































































































































153 Sarnia Airport ORF x x x
Sarnia, Ontario
154 Sarnia Yacht CIub ORF x x x x
Point Edward, Ontario
155 Lambton CoIIege ORF x x x x x x x x x
Sarnia, Ontario
156 Moore and Township ORF x x x x x x
Rds. # 6
Sarnia, Ontario
157 Lambton Generating ORF x x x x
PIant
Courtwright, Ontario
IS8 Tecumseh Park ORF x x x x x x x x x x x
Sarnia, Ontario
159 C.I L. PIant and ORF x x x
Highway 40
Courtwright, Ontario
160 ChurchiII and ORF x x x x x
McGregor Rds.
Sarnia, Ontario
I61 CoIborne S.E. ORF x x x x x x x x
Corunna, Ontario
162 Lambton County, ORF x x
Rd. # 2
Sombra, Ontario
I63 Ontario PoIice Post ORF x x ‘x x x x x
Sombra, Ontario
164 Sombra Township Rd. ORF x x
Sombra, Ontario















 TabTe 1-10 (continued).
LEGEND OF SAMPLING OPERATIONS AT LOCATIONS

























































































































































































































































3 mi1es east of
Mode1and Rd.
Sarnia, Ontario
167 Sombra Concession ORF x x
Rd.
Sombra, Ontario
201 690 Highway 18 DNHW x x x x
Windsor, Ontario
202 Morton Dock.Termina1 DNHW x x x x x x x x x x x
Windsor, Ontario
203 3822 Sandwich St., DNHW x x x x x
W.
Windsor, Ontario
204 Windsor City Ha11 DNHW x x
Windsor, Ontario
205 1250 Lang1ois Ave. DNHW x x x -x
Windsor, Ontario
206 3631 Huron Line Rd. DNHW x x x x
Windsor, Ontario
207 3120 Douga11 Ave. DNHW x x x x x
Windsor, Ontario
208 471 University Ave.,DNHW x x x x
W.
Windsor, Ontario
209 Windsor — Tecumseh DNHW x x x x x
Waterworks
Windsor, Ontario


































































































































































































































































































































































































































































































 Tab1e 1-10 (continued).
GIVEN IN FIGURE 1-6
LEGEND OF SAMPLING OPERATIONS AT LOCATIONS
  
<1) (I)?
m U 33 ‘” '§ m $ -8 8 g .3 T“ L ‘“ L
'g ngOC-P -.— ou§m383
3 OOUCO (GO) UHJ MOQm-r—r-
C m 36 ’i g "E '8'; :3 ° 5 8 °' ” w
I— !— £0.20):
C (1) O fU'UUrUUﬁOEr-u-mm OJ'UU‘I
o 05— cuc-PLCLQmp-meoa-r-




U) Station‘location mmT—uxm Dim: QWLLJZWILLQ.
307 H01y Cross High Schoo1 PHS x x x x x
Marine City, Mich.
308 U.S. Coast Guard PHS x x x
Station
Port Huron, Mich.
309 4836 Gratiot St. PHS x
Marysvi11e, Mich.
310 Sperry Dept. Store PHS x x x xx x x
Port Huron, Mich.
311 Yankee - River Rds. PHS x x
St. C1air Township,
Mich.
312 S.E. of Remer - C1ark PHS x x
E. China Township,
Mich.
313 Be11e River - King Rds. PHS x x
E. China Township,
Mich.
314 Michiganme Sch. PHS x x x
Port Huron, Mich.
315 Bart1ett Road PHS x x
Kimba11 Township,
Mich.




317 Meisner and McKinTey PHS x x
China Township,
Mich.
318 Richman Road - Dove St. PHS x x
Kimba11 Township,
Mich.
319 Gratiot Rd. - Pa1ms PHS x x x
C01umbus Township,
Mich.
320 Se1fridge AFB, Mich. USAF x
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TabIe 1-10 (continued). LEGEND OF SAMPLING OPERATIONS AT LOCATIONS
GIVEN IN FIGURE 1-6
  
a.) 44 2mm
5- >><v "U m r— 'UCDCIJ -.—v
a) U'U-H-r- m3 I‘D GMT! '4— S.
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U) Stat-ion 1ocat-ion (DWI—DIV) arc/)2 QWLLJZWILLD.
415 Ju1ian Strong Jr. High PHS x x x x
Sch001
Me1vinda1e, Mich.
416 14700 Moran PHS x x x x x
A11en Park, Mich. WC
417 19366 A11en Rd. PHS x x x
Riverview, Mich. WC
418 South Rd. Sch001 PHS x x x x
Woodhaven, Mich. WC
419 12985 Houston-Whittier PHS x x x x x
Detroit, Mich. DET
420 Conservatory Workshop PHS x x x
Be11e Is1e, Mich.
421 Detroit City Airport PHS x
Detroit, Mich.
422 10750 Grand River PHS x x x
Detroit, Mich.
423 Wayne County Hospita1 WC x x x x
E1oise, Mich.
424 Detroit Met. Airport PHS x
Romu1us, Mich.
425 Eurekada1e E1em. Sch001 PHS x x x
Tay1or, Mich.
426 Bent1y High Sch001 LIV x x
Livonia, Mich.
427 Bessie Hoffman Jr. PHS x x x x x
High Sch001 WC
Sumpter Township, Mich.
429 Ann Visger Sch001 WC x
River Rouge, Mich. 1




aService agencies are abbreviated as fo11ows:
ORF - Ontario Research Foundation.
DNHW — Department of Nationa1 Hea1th and We1fare - Canada.
PHS - United States Pub1ic Hea1th Service.
USAF - United States Air Force.
DET — City of Detroit.
WC - Wayne County.
LIV - City of Livonia.
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JOINT AIR POLLUTION STUDY
 
2. AIR QUALITY OF THE PORT HURDN-SARNIA
AND DETROIT—WINDSOR AREAS
The significance of measured concentrations of pollutants in the ambient at-
mosphere must be judged in relation to established air quality standards based on
criteria that establish the deleterious effects of the pollutants. The air quality
standards considered by the Board to be applicable in the Port Huron — Sarnia and
Detroit — Windsor areas are those presently in use in the Province of Ontario and
those proposed by the State of Michigan. Throughout this section measured pol-
lutant concentrations are presented in relation to those air quality standards.
In the U. S. , the National Air Pollution Control Administration designated on
December 9, 1969, in accordance with the Air Quality Act of 1967, a Metropolitan
Detroit - Port Huron Intrastate Air Quality Control Region which includes Wayne,
Oakland, Macomb, and St. Clair Counties. These same counties make up the
International Joint Commission study area on the U. S. side of the St. Clair and
Detroit Rivers. The Governor of Michigan has already indicated in a letter to the
National Air Pollution Control Administration that it is the intent of the State of
Michigan to adopt standards for sulfur dioxide and suspended particulate matter in
accordance with the provisions ofthe Air QualityAct of 1967 onthe basis of ambient
air quality criteria already promulgated. When specific state standards are adopted,
they will be equal to or somewhat higher than the Federal criteria establishing health
effect levels For the sake of discussion in this report the ambient air quality
standards submitted by Michigan to the, National Air Pollution Control Admin-














































dioxide are: particulate matter concentrations >70 pg/m3, annual geometric mean;
and sulfur dioxide concentrations >100 |.Lg/In3 (0. 035 ppm), annual mean.
The Province of Ontario proclaimed air quality standards under the Air Pol—
lution Control Act of 1967. These require industries and other sources in the
province to achieve controls sufficient to maintain concentrations below certain
levels as shown in Table 2-1.
The considerations which appeared to be relevant in the adoption of standards
for the assessment of pollution in the two survey areas of the present study are
discussed separately in the following sections.
2.1 SUSPENDED PARTICULATES
The transport of particulate material is the most obvious aspect of the trans-
boundary pollution problem in the Detroit - Windsor area. From visual observations
2—1





























24-hr avg 0.10 ppm



















































































































































































































































































































































































































































































































































































































































 greatly influenced by the composition of particulates. Carbon particles in com-
bustion products are the chief cause of the stains produced on the paper. Their
main consequences are the production of haze and the soiling of buildings.
Few if any publications have shown a connection between soiling index and
health effects, although there is probably a strong correlation between this index
and the British method of determining mass concentrations. Most air pollution
workers agree with an arbitrary scale of values which indicates responses to dif-
ferent smoke haze levels as follows:
Subjective reaction Coh/lOOO lineal feet
Light haze O - 1
Moderate smoke haze l - 2
Heavy smoke haze 2 - 3
Very heavy haze 3 — 4
Extreme Above 4
The Ontario standards for soiling index were presented in the introduction to
this section.
Some of the suspended particulate samples from the Detroit - Windsor area
were analyzed for the presence of specific metals which would be expected to
exist as oxides or othercompounds. The findings were not intended to provide
an assessment of health effects, since concentrations of metals found even in
heavily polluted air have not yet been implicated as causing any disease. Not
even lead, though Well known to be toxic in certain concentrations, is presently
considered capable of causing ill effects at the concentrations occurring in ambi-
ent air. Metal concentrations have been measured in a number of cities in the
U. S. A guide to the significance of metallic-compound particulate pollution in
the study area can be found by comparing measured concentrations with the
average values in Table 2-2 found in U. S. cities.
Table 2-2. AVERAGE CONCENTRATIONS 0F METALLIC-COMPOUND
PARTICULATES IN THE UNITED STATES
(HQ/m3)
Metal Concentration Metal Concentration Metal Concentration
Antimony <0.04 Copper 0.09 Nickel 0.034
Beryllium <0.0002 Iron l.6 Tin 0.02
Bismuth <0.00l Lead 0.79 Titanium 0.04
Cadmium <0.0ll Manganese O.ll Vanadium 0.05
Chromium 0.0l5 Molybdenum <0.003 Zinc 0.67
Cobalt <0.006
     
Benzo(a)pyrene is one of the polycyclic hydrocarbons normally associated
with carbonaceous solids in the atmosphere. These compounds arise principally
from the incomplete combustion of fuels in furnaces. Although liquid fuels con-
tribute some of the polycyclic hydrocarbons in air, coal burning produces most of































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































calibration based upon a reflectance measurement of the filter-paper stain. This
probably yields a result only roughly comparable to that obtained by the high-
volume sampler method. The distinction is important because much of the work
on the health effects of pollution has been done in Great Britain.
The effects of particulates on health are difficult toassess. The influence of
particulates on associated pollutants is believed to be significant, especially in the
case of sulfur dioxide and other irritant gases, whose effects tend to be emphasized
or synergized by certain particulates. Surface absorption of irritant gases by
solid particles is also considered significant and, therefore, the characteristics
of the particles are important. In most of the cases described in the literature in
which adverse health effects have been attributed to particulates, sulfur dioxide
was involved as well.
An air quality criteria document2 published by the U. S. National Air Pollu—
tion Control Administration presents information from various British sources
indicating a variety of effects from mixtures of particulates and sulfur dioxide.
Thus, the combination of a particulate concentration of 750 lag/m3 with about 0. 25
ppm of sulfur dioxide (24-hour mean) may result in deaths and a considerable
increase in illnesses.
Increases in diseases like chronic bronchitis have been observed with lower
concentrations of both sulfur dioxide and particulates. American data have been
presented which indicate that increased death rates in persons over 50 years of
age could result in areas where the annual geometric mean concentrations of par—
ticulates were as low as 80 to 100 rig/m3 and sulfur dioxide was present in an
amount equivalent to sulfation rates of 30 mg/lOO cmZ-month.
2. 1. 2 Measured Air Quality
2. l. 2. l High—Volume Samplers - The concentrations of suspended particulates
were measured using high—volume samplers with glass fiber filters. Each sample
was for a 24—hour period starting at midnight. At most stations, one sample was
taken every 3 days, although a few stations collected two samples during each
3-day interval. Results were expressed as micrograms of particulates per
cubic meter of sampled air (pg/m3).
 
2. 1. 2. l. 1 Port Huron - Sarnia area. Twenty-two sampling stations were
located in the vicinity of Port Huron — Sarnia and southward along the St. Clair
River. A statistical suimnary on an annual basis for each of these stations is
given in Table 2-3. In addition to average values (arithmetic means), the concen-
trations at each station that were exceeded by specified percentages of the samples
are given. Figure 2-1 is a map of the distribution of average concentrations.
Table 2—4 presents on an annual basis the percentage of samples with concen-
trations exceeding specified values. Table 2-5 gives by station the percentage of
samples in specified concentration ranges.
Only 13 of the 22 stations obtained data during each quarter of the year.
Seven of the stations had their maximum seasonal average concentration in summer,
but in general the differences between seasonal averages were small and, more—
over, were not tested for statistical significance.
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ITabIe 2-5. PERCENTAGE OF SUSPENDED—PARTICULATE SAMPLES WITHIN SELECTED
CONCENTRATION RANGES IN PORT HURON - SARNIA AREA
 
Station
% of sampIes within stated ranges:
number
<65 ug/m3
















































































































































































































































































































































Figure 2-2. Annual average particulate cencentrations in Port Huron - Sarnia area.
Tables 2-6 through 2-8. Twenty-five of the stations collected data in each of the
four seasons of the year; seasonal average values are given in Table 2-9. The
highest average concentrations occurred at more stations during winter and spring
than during any other two seasons. The largest number (11) of maxirnmn average
values occurred during winter.
















































































2. l. 2.2 Suspended Particulates — Soiling Index - Soiling index was measured
using sequential filter-paper-tape samplers. Two-hour samples were collected
and data were reported as Coh per 1, 000 lineal feet.
2. 1. 2.2. 1 Port Huron - Sarnia area. Samples were collected at 12 stations
in the Port Huron - Sarnia area. Results are summarized in Table 2-10 and
Figure 2-4. The only two stations having annual geometric mean Coh values
exceeding the Ontario Air Quality Standard are in commercial zones; their annual
mean values are 0. 6 and 0. 5 Coh per 1, 000 lineal feet.
 
2. 1 2 Z 2 Detroit — Windsor area. In the Detroit — Windsor area, 21 sta-
tions measured soiling index. Their annual geometric mean Coh values, arrayed



























































    
  










Figure 2-3. Annual average particuIate concentrations in Detroit - Windsor area.
and 203 reported annual averages exceeding the Ontario standards. Stations 206,
204, 406, and 203 reported annual averages exceeding the Ontario standards.
; 2. l. 2. 3 Suspended Metals - Analyses were made to determine the metallic ele-
ments in monthly composite particulate samples collected during April 1968 at
20 stations (17 in the Detroit - Windsor area and 3 in the Port Huron — Sarnia
area). The samples were examined quantitatively for 16 metals by emission
spectroscopy. In Table 2-11 the measured concentrations for each element are
arranged in descending order, and the U. S. National Urban Average values for
the metals are indicated. Antimony, bismuth, and cobalt were not detectable in
the samples. Four other metals - tin, nickel, vanadium, and titanium - were not
found in concentrations higher than the U. S. National Urban Averages. Molybde—
num occurred only at the minimum detectable level. Beryllium was above the
minimum detectable concentration at one station only. Copper occurred at con-
centrations above the urban averages at only two stations. Concentrations of the
remaining six metals were redetermined by atomic absorption spectroscopy from
samples collected in a lO-station network in the Detroit — Winds or area during
October 1968. The monthly average concentrations are shown in Table 2—12.
This network provided somewhat denser coverage of the River Rouge - Zug Island -
Ecorse heavy-industry sections of Detroit than did the network used in April. In
spite of this, the U. S. National Urban Average concentrations for cadmium and
Chromium were exceeded at only one station each, and for zinc at only two stations.
 
During the October 1968 sampling, manganese exceeded the U.S. National
Urban Average at more stations than any other metal. The occurrence of relatively



















































































































































































































































































































































































































































































































 TabTe 2-8. PERCENTAGE OF SUSPENDED-PARTICULATE SAMPLES WITHIN SELECTED





Station % of sampTes within stated ranges:
number <65 ug/m3 65-75 ug/m3 75—100 ug/m3 TOO-125 ug/m3 125-150 ug/m3 150-200 ug/m3 >200 ug/IIT3
20T T4 7 23 25 T6 TT


































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































Table 2—10. CUMULATIVE PERCENT FREQUENCY OF OCCURRENCE OF 2-HOUR
SOILING-INDEX VALUES, PORT HURON - SARNIA AREA
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Figure 2-5. Annual geometric mean soiling index In Detroit - Windsor area.
2. 1. 2. 4 Benzo(a)pyrene - Suspended particulate samples were analyzed for
benzo(a)pyrene at Stations 202, 303, 401, 406, and 409 for the year. Samples
from Stations 201, 203, 205, 206, 207, 209, and 211 were analyzed for December
through March. The monthly average values are reported in Table 2-13. Partic-
ulate collections from Stations 303, 401, 406, and 409 were each analyzed as
composite monthly samples. The 24-hour collections from other stations we re
analyzed separately and the monthly average concentration computed. Consistently
higher values than at other stations were observed at Station 406, the highest
occurring in October (16. 2 ng/m3). Higher values also occurred during February
at Stations 203, 206, and 209 (9.8, 10.5, and 1.04 ng/m3, respectively).
2. l. 2. 5 Fluorides - Fluoride monitoring stations were at two sites in the Port
Huron - Sarnia area and three sites in the Detroit - Windsor area. The stations
consisted of specially designed sequential samplers using a filter paper impreg-
mated with sodium formate for the chemical sorption of hydrogen fluoride. Sam-
pling was done for six 4-hour periods every third day. The samples were analyzed
for fluoride content, both the sorbed hydrogen fluoride and particulate fluorides,
by means of a specific ion electrode. The results are reported as 4-hour averages
in ppb fluoride at 25° C and 760 mm pressure.
2. l. 2. 5. 1 Port Huron - Sarnia area. Results of sampling in the Port Huron -
Sarnia area are shown in Table 2-14. Both sampling stations measured approxi-
mately the same fluoride concentrations. The maximum concentrations experi-
enced, 2. 2 ppb at Station 305 and 1. 3 at Station 307, were above the limit of l. 0
ppb specified by Ontario. The arithmetic mean, however, was 0. 3 ppb at Station
305 and 0. 2 ppb at Station 307.
Seasonal variations in fluoride concentrations are given in Table 2-15.
Slightly higher fluoride concentrations were detected during summer at both
stations than during spring and fall. Winter values are not available.







METAL CONCENTRATIONSa AT SELECTED STATIONS IN PORT HURON - SARNIA


















































































































































































































































































































































































































































METAL CONCENTRATIONSa AT SELECTED STATIONS
IN PORT HURON - SARNIA










Antimony 0.04 ND ND ND : ND ND ND ‘ ND ' ND ND 1 ND
BeryTTium 0.0002 ND ND : ND 1 ND ‘ ND 2 ND ‘ ND ' ND ND 1 ND
Bismuth 0.001 ND ND ND 1 ND ‘ ND ' ND ND ‘ ND ND ND
Cadmium 0.011 ND ND ND ‘ ND ND ND ND ND ND ‘ ND
Chromium 0.006 (310) (419) (209) ND ND ND ND ND ND ND
0.013 0.009 0.009
CobaTt 0.006 ND ND ND ND ‘ ND ND
Copper 0.01 (202) (211) (205) (201) ; (204) (217) (207) (161) (419) (411)
0.04 0.04 0.04 0.03 E 0.03 0.03 0.03 0.03 0.03 0.02
Iron 0.16 (205) (204) (209) (212) V (310) (303) : (217) (161) (207) (427)
2.2 2.0 1.9 1.8 1.4c 1.4 3 1.1 0.95 0.92 0.83
Lead 0.04 (303) (204) (209) (211) ‘ (207) (212) 1 (161) (217) (411) (427)
0.51 0.47 0.41 0.35 ‘ 0.35 0.30 1 0.28 0.26 0.24 0.17
Manganese 0.01 (417) (209) (212) (204) (303) i (207) 1 (217) (310) (427) (161)
0.11 0.09 0.09 0.08 I 0.08 s 0.06 r 0.06 0.05 f 0.05 0.04
M01ybdenum 0.003 ND ND ND ND ; ND 1 ND ND ND 1 ND ND
Nicke1 0.006 (209) (161) (310) (417) 1 (411) v (212) (419) (207) (217) ND
0.015 0.015 0.015 0.014 0.012 . 0.012 ' 0.010 1 0.009 ‘ 0.009









ND ND ND 1 ND ND




0.12 (211) (204) (201) l ND
ND - ND ND ND ‘ ND E ND
0.26 0.19 0.14 1
‘
 
ND ND ND ND





ND ‘ ND ND
   
 
  
aData for each metaT are presented in order of decreasing concentrations.
bND = not detectabTe.
cNationaT urban average.





























































Table 2-l2. METAL CONCENTRATIONS AT SELECTED STATIONS
DETROIT - WINDSOR AREA, OCTOBER 1968a
     
Metal Concentration, pg/m3
Cadmium (203)b (414) (406)) (202) (2l2)i (217) (403) (409) (220) (425)
0.013 0.009 0.007l 0.006 0.004 0.004 0.004 0.004 0.003 0.002
Chromium (212) (220) (406)) (4l4) (202) (403) (409) (217) (425) (203)
0.02] 0.0T] 0.008 0.008 0.006 0.006 0.003 0.002 0.002 0.000
Iron (406) (4l4) (203) (403) ‘(220) (202) (212) (217) (425) (409)
8.6 4.2 3.5 2.9 {2.8 2.5 1.6 1.6 1.6 1.4
Lead (4l4) (406) (403) (203) ‘(202) (2l2) (425) (409) (220) (217)
2.55 l.25 0.98 i 0.97 0.79 0 66 0.64 0.59 0.58 0.54
Manganese (406) i(203) 1(220) E(4l4) (202) (403) (212) (217) (409) (425)
0.28 0.21 ;0.20 i0.l6 0.]5 0.14 0.12 0.l0 0.08 0.06
Zinc (4l4) ((406) i(203) 3(403) (202) (220) (409) ‘(2l7) (2l2) (425)
     



















the order of decreasing concentrations.
bStation numbers in parentheses.
2. l. 2. 5. 2 Detroit - Windsor area. Fluoride data for the Detroit - Windsor
area are summarized in Table 2-14. Maximum values at the three stations were
above the l. 0 ppb level. The concentrations at Stations 202 and 420 were about
the same, but those at 411 were considerably lower. The maximum concentration
was 2. 9 ppb at Station 202; the same station exceeded 2. 7 ppb for 1 percent of the
obse rvations .
Seasonal variations (Table 2-16) indicate that higher fluoride concentrations
existed during summer than during fall or spring at Station 202. Data for winter
were not available.
2.2 DUSTFALL
Particulates which settle from the atmosphere and are measured in dustfall
gauges are coarse in size, mainly 20 microns and above. Although dustfall amounts
often vary in accord with concentrations of other contaminants which may be re-
sponsible for health effects, settleable coarse particles are not considered to be of
concern from the health aspect. The chief problem from dustfall is property dam—
age. Buildings, motor vehicles, furnishings, etc. , are adversely affected by dust





















2. 2. 1 Air Quality Criteria
Quantitative relationships between the amount of dustfall and the severity of
property damage or inconvenience to the community have not been established. The















































































































































































































































































































































































































































































































































































































































































































































IN PORT HURON - SARNIA AREA, 1968
 
‘ I Concentrations
Arithmetic 1 Geometric exceeded by I exceeded by
Samp1ing Station Number of mean, I mean, 1 % of 10 % of











I 307 ‘ 41 0.2 I 0.1 0.9 0.3
I
June-Aug 305 132 0.3 i 0.3 1.4 0.5
307 133 0.3 0.2 1.0 0.4








TabIe 2—16. SEASONAL VARIATIONS IN FLUORIDE CONCENTRATIONS,




Samp1ing Station Number of Arithmetic Geometric by 1% of by 10% of
period number samp1es mean, ppb mean, ppb samp1es, ppb samp1es, ppb
Mar-May 202 58 0.4 0.3 0.9 0.8
411 6 0.2 0.2 0.3 0.3
420 -- ——- -—— --— ---
June—Aug 202 59 0.8 0.6 2.9 1.2
411 48 0.2 0.2 0.8 0.3
420 135 0.4 0.3 1.5 0.9
Sept-Nov 202 84 0.4 0.4 2.6 1 0.7
411 33 0.2 0.2 0.5 0.3
420 65 0.4 0.3 1.6 i 0.8
     
Ontario Air Quaiity Standards, however, do include a standard for dustfall, pre-
viously presented in the introduction to this section.
2. Z. 2 Measured Dustfall





















of each sample were obtained. The data, expressed as tons of dustfall per square
mile per month (tons /miZ -month), represent the sum of the weights of soluble and
insoluble solids.
2. 2. 2. 1 Port Huron - Sarnia Area — Dustfall samples were collected at 29 locations





















only nine yielded dustfall values equal to or greater than 40 tons /miZ-month. The




Tab1e 2-17. OCCURRENCE OF MONTHLY DUSTFALL WITHIN
SELECTED RANGES IN PORT HURON — SARNIA AREA
(Stations with six or more observations)
 
Dustfa11,_tgn§/mi2-mo 7m




























































































































































































eight stations that reported the nine observations of dustfall equal to or exceeding
40 tons /mi2-month each had mean dustfall values of 25 tons/mi2 -month or greater,
nearly twice the Ontario annual standard.
The areal distribution of dustfall is shown in Figure 2-6. The locations of
the eight stations with measured dustfall exceeding 40 tons /miZ-month are indicated
by “A's”.
Air Quality of the Port Huron - Sarnia and Detroit — Windsor Areas 2-25
     







































taking samples for 6 or more months).
2. Z. 2. 2 Detroit - Windsor Area - There were 38 dustfall sampling stations in the
Detroit - Windsor area. Maximum, minirnmn, and average values are given in
Table 2-18. Forty-five of the 397 samples had dustfall exceeding 40 tons /mi2-
month, and all 45 occurred at 10 locations. The value of 40 tons /mi2 —month was
















































































Table 2—18. DUSTFALL IN DETROIT - WINDSOR AREA
     
_ ' Dustfa11, tons/miZ-mo
— I Arithmetic
Station Number of Maximum I Arithmetic standard
number samp1es va1ue mean deviation
201 12 42 23 8
202 12 41 19 8
203 11 68 i 42 11
205 12 107 34 25
206 8 28 19 6
207 12 28 14 6
209 12 18 12 3
210 11 54 30 12
211 7 15 10 2
212 9 21 16 4
213 11 20 1O 4
214 9 28 17 8
215 12 28 12 6
216 12 24 12 6
217 6 18 1O 4
218 12 32 16 7
219 12 17 11 4
220 7 39 23 10
400 3 22 17 5
401 9 26 15 6
402 11 47 31 10
403 12 24 13 6
404 11 123 62 39
406 12 82 62 12
407 11 61 41 12
409 11 38 24 9
411 12 24 14 5
412 12 38 13 9
413 10 37 22 7
414 12 44 28 8
415 11 38 19 10
416 12 39 20 9
417 12 29 14 7
418 11 25 14 6
419 9 i 21 14 5
422 11 ‘ 36 20 7
423 10 ‘ 29 ! 14 7
425 12 L 35 i 17 9
  
with the heaviest dustfall occurring in Detroit, south of the city's center.
2.3 SULFUR DIOXIDE
Sulfur dioxide is one of the most abundant pollutants in urban atmospheres
because of its widespread production through fuel burning. All fossil fuels except
refined natural gas contain sulfur, which is converted predominantly to sulfur
dioxide in combustion.
Z. 3. 1 Air Quality Criteria
Information available throughout the world on the effects of sulfur dioxide has
been exhaustively examined and documented by the U. S. National Air Pollution
Air Quality of the Port Huron - Sarnia and Detroit - Windsor Areas 2—27
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TabIe 2-19. OCCURRENCE OF MONTHLY DUSTFALL WITHIN
SELECTED RANGES IN DETROIT - WINDSOR AREA
'2-
Station Number of DustfaII, tons/m1 mo
number sampIes <10 10-24 25-39 :40
201 12 - 8 3 1
202 12 1 10 — 1
203 11 — — 3 8
205 12 1 2 7 2
206 8 - 6 2 -
207 12 2 9 1 -
209 12 2 10 - —
210 11 - 4 5
211 7 3 4 — -
212 9 1 8 — —
213 11 6 5 - -
214 9 2 6 1 -
215 12 5 6 1 -
216 11 5 6 - -
217 6 3 3 - -
218 12 1 9 2 —
219 12 6 6 — -
220 7 - 5 2 —
401 9 1 6 2 -
402 11 - 4 4
403 12 4 8 — —
404 11 — - 1 10
406 12 - - - 12
407 11 - - 6 5
409 11 - 5 6 —
411 12 2 10 — -
412 12 6 4 2 -
413 10 - 6 4 -
414 12 — 5 6 1
415 ‘ 11 — 9 2 —
416 12 1 8 3 —
417 12 2 8 2 -
418 I 11 3 7 1 —
419 9 2 7 j — -
422 11 - 9 I 2 -
423 10 2 7 f 1 -
425 12 1 8 I 3 —
  
The publication defines air quality criteria for sulfur
oxides and has been used for the assessment of the significance of sulfur dioxide
concentrations occurring in the study areas covered by this report.
states in the U. S.
Air quality standards for sulfur dioxide have been established by several
Others are now considering standards following the publication
of the U. S. Air Quality Criteria, and some of those already using standards may
modify them.
2- 28
The Ontario standards and proposed Michigan standards for sulfur
dioxide were given in the introduction to this section.
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Figure 2-7. Geographic distribution of average dustfall‘ , tons/mi2-m0.
2. 3. 2 Measured Air Quality
2. 3. 2. l Sulfur Dioxide Measurements — Atmospheric sulfur dioxide concentrations
were measured at 26 locations in the Port Huron - Sarnia and Detroit - Windsor
areas. At the Canadian stations, sulfur dioxide was measured by continuous-record—
ing electroconductivity analyzers, except at Station 202 where a continuous coulo-
metric analyzer was used from August through November 1968. The data reported
are average values for l-hour periods.
At U. S. stations, 2-hour average concentrations were measured at
Station 303 from March through November 1968, Station 310 from January through
April 1968, and Station 408 from February through May 1968, using sequential
samplers and spectrophometric techniques. At all other U. S. stations, continuous
coulometric analyzers were used and average values for 1-hour periods were
reported.































































































All but three stations (157, 163, and 305) exceeded the Ontario standard of
0.10 ppm sulfur dioxide concentration, and four of the 11 equaled or exceeded 0. 20
ppm for a 24-hour period.
From the mean values of hourly concentrations, only two stations, 152 and
310, indicate annual average sulfur dioxide concentrations as high as the Ontario
standard.
Two stations reported annual average sulfur dioxide concentrations
greater than the proposed Michigan standard of 0. 035 ppm.
2. 3. Z. l. 2 Detroit - Windsor area. Table 2-22 gives the percentage frequency
of occurrence of hourly and Z4-hourly values of atmospheric sulfur dioxide concen-
trations for 15 locations in the Detroit — Windsor area. Average and maximum
values of concentration are also given.
All stations, except 411, showed average concentrations equal to or greater
than the 0. 02 ppm limit of the Ontario standard.
Station 411 reached this limit
for hourly averages, but not for daily averages.
Only one station, 208, measured an annual average concentration of 0. 05 ppm.
Ten stations exceeded the 1—hour limit set by the Ontario standards. Eight
locations exceeded the Ontario limit for 24—hour average concentrations. Only
Stations 208 and 408 exceeded the Michigan standard of 0. 035 ppm for an annual
average sulfur dioxide concentration.
2. 3. 2. Z Sulfation Rate Measurements - The conversion of exposed lead peroxide
to lead sulfate by atmospheric sulfur dioxide provides a static method of obtaining
an index of the presence of sulfur dioxide in the atmosphere.
This index is used
as a measure of the effects of sulfur dioxide on materials, such as fabrics, metals,
paints, masonry, etc.
 
2. 3. 2. Z. 1 Port Huron - Sarnia area. Thirty-two locations in the Port Huron-
Sarnia area were used to study sulfation rate. Table 2-22 summarizes the data;
At all stations, the mean value over the period of observation equaled or exceeded
the 0. 4 mg
SO3/100
cmZ-day
limit set by the Ontario air quality standard.
Sixteen
of the stations had average values equaling or exceeding 1. 0 mg 303/100 cmZ-day.












During February 1969 an intensive survey was made of sulfation rates in the
Port Huron - Sarnia area. Sulfation sensors were installed at 121 locations along
lines parallel to the St. Clair River, with scattered additional sensors located in
Sarnia as well as up to 10 miles from the river.




















































































































































































































































































































































































































































































































































































































































































































































Tab1e 2-22. SULFATIONa IN PORT HURON — SARNIA AREA
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166 8 0.8 0.6 0.1






301 11 2 2 1.2 0.4
303 11 2 3 1.2 0.5
305 10 1 7 1.0 0.5
307 11 1 4 0.7 0.3
308 11 2 1 1.0 0.4
310 11 3 1 1.4 0.7
311 11 1 6 0.9 0.4
312 11 2 0 1.1 0.4
313 11 2 1 0.8 0.5
314 11 1 8 0.9 0.4








317 11 1 7 0.6 0.5
318 ; 10 1 5 0.6 0.4
319 ‘ 10 1 3 0.6 0.3
   
aDetermined by the 1ead—peroxide cand1e method.
 




















2-8. Centers of high sulfation rates appear in the southern portion of Sarnia and
in the area east of Marine City, Michigan, and Bickford and Sombra, Ontario.
 
Figure 2-8. Pattern of sulfation rates during February 1969 in Port Huron - Sarnia area.
2. 3. Z. 2. 2 Detroit — Windsor area. The sulfation rate data collected at the
41 stations in the Detroit - Windsor area are summarized in Table 2-23. Only 17
stations had average rates less than 1. 0 mg 503/100 cmZ—day. Only one station






























































    
e Tab1e 2-23. SULFATION IN DETROIT — WINDSOR AREAa
mg Concentration, mg 503/100 cmZ—day
Station Number of Maximum Arithmetic Arithmetic
number samples . value mean standard deviation
201 11 2.0 1.1 0.4
202 11 2.6 1.7 0.6
203 11 3.4 2.4 0.6
205 11 2.7 1.2 0.6
206 7 1.6 1.0 0.4
207 11 2.6 1.1 0.6
209 11 ‘ 2.1 1.1 0.4
210 i 9 1 2.8 1.2 0.9
211 : 8 1 1.0 0.8 0.2
212 ‘ 8 1 0.8 0.7 0.1
213 11 1 1.3 0.7 0.3
214 7 1 1.7 1.1 0.4
215 11 i 1.2 0.8 0.3
216 10 1 1.3 0.8 0.3
217 8 0.8 0.6 0.2
218 10 I 1.9 0.9 0.5
219 10 1 1.3 0.7 0.4
220 4 1.5 1.1 0.4
400 11 2.9 1.5 0.6
401 11 2.0 1.0 0.4
402 11 2.6 1.2 0.6
403 10 2.8 1.4 0.6
404 11 3.4 1.7 0.7
406 11 3.3 2.1 0.6
407 11 3.6 1.9 0.7
409 11 1.6 1.1 0.3
411 11 1.9 1.2 0.4
412 10 1.7 1.0 0.3
413 9 ‘ 1.1 0.9 0.2
414 12 2.3 1.2 0.4
415 11 3.1 1.2 0.7
416 11 1.9 0.9 0.4
417 12 i 1.2 0.7 0.2
418 11 § 1.2 0.6 0.3
419 12 ' 1.6 0.8 0.3
422 11 1.9 1.0 0.4
423 12 1.0 0.6 0.2
425 12 1.2 0.5 0.3
426a 10 1.0 0.6 0.3
427a 9 0.8 0.4 0.2
429a 12 I 2.3 L 1.4 0.4
 
aDetermined by the 1ead-peroxide cand1e method.
2.4 HYDROGEN SULFIJE
Hydrogen sulfide (H28) sampling stations were located at six sites in the St.
Clair River areaand at four sites in the Detroit River area. The Has was collect-
ed on mercuric chloride-impregnated filter tape using an automatic sequential-
tape sampler for a Z-hour sampling period. The Z—hour average HZS concen-
,f tration was determined by developing the tape with ammonia and then measuring
the optical density of the resulting spots with a densitometer.
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Figure 2-9. Annual average sulfation rates in Detroit - Windsor area (mg 803/100 cm2-day).






























































































































































CUMULATIVE PERCENT FREQUENCY OF OCCURRENCE OF 2-HOUR AVERAGE
HYDROGEN SULFIDE CONCENTRATIONS IN PORT HURON - SARNIA AREA
                        
I Concentration, ppb
0 . .Arithmetic
Station Number of C Of samp1es ; Stated va1ue' aximum Arithmetic ; standard
number samp1es 90 75 50 25 10 1 va1ue mean gdeviation
151 3,652 Y<1.0 <1.0 <1.0 <1.0 2.0 10.0 50.0 <1.0 E 2.0
!
s 155 3,414 l<1.0 <1.0 <1.0 <1.0 <1.0 4.0 30.0 0.0 § 1 0
/ 158 4,100 1<1.0 <1.0 <1.0 <1.0 1.0 4.01 100.0 0.0 1 3.0
161 3,785 <1.0 <1.0 <1.0 <1.0 <1.0 2.0‘ 11.0 0.0 i 0.4
303 2,164 3<0.1 <0.1 <0.1 1<0.4 0.9‘ 4.d 6.6 0.4 1 0 7
310 2,517 <1.0 ‘<1.0 L<1.0 <1.0 1.0 7.0! 17.9 0.6 1 O
Tab1e 2-25. CUMULATIVE PERCENT FREQUENCY OF OCCURRENCE OF DAILY AVERAGE
HYDROGEN SULFIDE CONCENTRATIONS IN PORT HURON — SARNIA AREA
Concentration, ppb 1
Station - Number of . % of samp]es g Stated va]ue: ‘Maximum i Arithmetic
number samp1es 90 75 50 25 10 1 ; va1ue 1 mean
151 j 325 <1.0 <1.0 <1.0 <1.0 2.0 5.0 E 7.0 1 <1.0
155 i 293 <1.0 <1.0 <1.0 <1.0 <1.0 2.0 i 8.0 1 0.0
158 357 <1.0 <1.0 <1.0_ <1.0 1.0 5.0 9.0 1 0.0
161 327 <1.0 <1.0 <1.0 <1.0 <1.0 2.0 ' 3.0 0.0
303 . 190 .<0.1 <0.1 0.2 0.4 0.9 3.7 I 4.0 0.4
310 E 220 <0.1 i<0.1 0.2 0.6 1.6 14.0 ' 4.6 1 0.6
Tab1e 2-26. SEASONAL VARIATIONS IN HYDROGEN SULFIDE CONCENTRATIONS, 2—HOUR
SAMPLES, IN PORT HURON — SARNIA AREA, DECEMBER 1967 THROUGH NOVEMBER 1968
Arithmetic mean, ppb
Station 'Number of 3 Dec- Number of Mar- Number of June— Number of Sept-
number samp1es 1 Feb samp1es May samp1es Aug samp1es Nov
151 922 ‘ <1.0 1,003 0.0 691 <1.0 1,036 1.0
D 155 321 <1.0 1,090 0.0 939 0.0 1,065 0.0
r- 158 1,043 0.0 1,068 0.0 1,019 0.0 970 0.0
161 953 0.0 749 0.0 1,017 0.0 1,066 0.0
Dﬂ 303 377 l 1.0 172 0.5 808 0.2 807 0.2
310 253 i 1.0 607 0.5 973 0.2 684 0.9
w
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 2. 4. 2 Detroit - Windsor Area
Only two stations, 408 and 409, both in the U. S. , made a sufficient number
of observations to permit the calculation of meaningful statistics. From the data
available for the stations with incomplete records, the maximum Z-hour concen—
tration measured at Canadian Station 212 was less than 1 ppb, whereas Station 202
had a maximum 2—hour value of 5. 2 ppm.
A statistical summary for Stations 408 and 409 is given in Tables 2-27 and
2—28.
Of these two stations, only 408, in the highly industralized River Rouge
area experienced a mean concentration of H28 in excess of 1 ppb.












































       
Table 2-28.
CUMULATIVE PERCENT FREQUENCY OF OCCURRENCE OF DAILY AVERAGE



























































source of CO air pollution in the Detroit - Windsor area is the automobile.
In the
Port Huron - Sarnia area, industrial process losses were responsible for nearly
three—fourths of the CO emissions.
In city streets, the concentrations of CO com-
monly reach 10 to 50 ppm or higher, but some distance away the gas concentration
drops to barely detectable levels.
Thus a few hundred cars in the vicinity of a
sampler will produce higher concentrations than will many thousands of cars a
mile away.
Although the large number of automobiles in Detroit would produce a
greater total amount of CO than that found in Windsor, the CO detected in Windsor
2-38 JOINT AIR POLLUTION STUDY
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Table 2-29. SEASONAL VARIATIONS IN HYDROGEN SULFIDE CONCENTRATIONS,
2-HOUR SAMPLES, IN DETROIT — WINDSOR AREA,
DECEMBER 1967 THROUGH NOVEMBER I968
 
2 Concentra-
     
Concentrations, tions. ppb,
Samp1ing Station Number of Arithmetic ppb, exceeding exceeding 10%
period number samp1es mean, ppb 1% of samp1es ‘of samp1es
Dec—Feb ‘ 408 445 1.8 9.4 4.0
409 522 0.6 .1 1.8
Mar—May 408 445 1.1 15.8 2.4
409 522 0.2 1.3 0.6
: Jun—Aug 408 445 1.4 23.7 3.1
409 522 0.1 1.2 0.5
3C Sept-Nov 408 I 445 1.6 23.0 3 .0
1 z 409 552 0.3 2.9 0.8
would largely bethe result of local rather than Detroit traffic.
2. 5. 1 Air Quality Criteria
Carbon monoxide is important mainly in relation to health. It has little or no
potential for damage to vegetation or materials in conceivable ambient concentra-
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Table 2-30. CUMULATIVE PERCENT FREQUENCY OF OCCURRENCE OF HOURLY AVERAGE
CARBON MONOXIDE CONCENTRATIONS IN DETROIT - WINDSOR AREA
   
; Concentration, ppm E E
L a ,1 1 ;Arithmetic
Station Number ofI A Of samPIES ? staFed valEE;_iMaximumi Arithmetic f standard
number
samp1es 190 .75 :50
;25
10 ‘ 1 ? va1ue ?
mean
deviation
1 ' l v r , 1
208 I 1,464 $1.5 .2.0 :3.0 f8.0 13.5 15.5} 19.0 5.4 1 4.6
i ' I ‘
408 ‘ 3,551 11.0 '1.7 3.0 4.5 1 6.7 13.0 18.0 3.6 2.7
percent of the samples at Station 408; I3. 5 ppm was exceeded by 10 percent of the
samples at Station 208.
Carbon monoxide concentrations within urban areas show large variations,
depending on the location of the sampling station and the period of observation.
Consequently, the CO concentration data given in Table 2-30 cannot be considered
representative of Detroit and Windsor.
Rather they are only measurements for
particular locations over specific periods of time. For comparison, the average
annual concentrations of CO measured at the Continuous Air Monitoring Program
(CAMP) stations of the U. S. National Air Pollution Control Administration are
given in Table 2-31.
Tab1e 2-31.
AVERAGE ANNUAL CONCENTRATIONS OF CARBON MONOXIDE















































    
2.6 HYDROCARBONS
Low-boiling-point aliphatic and aromatic HC occur in the atmosphere as
emissions from automobile crankcases and exhausts, evaporative losses from
gasoline handling and storage, and process losses from industries such as chemical
plants and petroleum refineries.
The several refineries and chemical plants in
Sarnia were considered possible major point sources of HC, but, relatively speak-
ing, such sources were not as significant in the Detroit - Windsor area.
In the
Detroit — Windsor area the automobile was the most significant source of HC,
2-40 JOINT AIR POLLUTION STUDY
' m
al
Hydrocarbon concentrations were measured in both areas, however, using con-
tinuously recording flame-ionization analyzers.
one-hour averages.
Measurements were given as
Z. 6. 1 Air Quality Criteria
The chief significance of HC
as air pollutants lies in their capability to react




in concentrations that conceivably can occur in the
ambient atmosphere, have not been reported as being responsible for direct health
effects.
Accordingly, health effects do not form the basis for air quality criteria.
With the exception of ethylene, to Which some plant species are particularly
susceptible, HC pose no known threat to vegetation.
In regard to ethylene, how-
ever, orchids, for example, cannot safely be exposed to concentrations in excess
of 0. 01 ppm for 24 hours or O. 3 ppm for 1 hour.
Other species such as roses
can tolerate concentrations several thousand times greater.
specifically measured in the study.
Ethylene was not
Hydrocarbons also are not considered to be responsible for damage to mate—
rials except indirectly through the formation of oxidants.
2. 6. 2 Measured Hydrocarbons
Hydrocarbon concentrations were measured at three locations in the Port
Huron - Sarnia area and one location in the Detroit — Windsor area.
2. 6. 2. 1 Port Huron - Sarnia Area — Hourly average HC concentrations measured
in the Port Huron - Sarnia area are summarized in Table 2-32; corresponding
daily average values are given in Table 2;33. An hourly average of 5. 0 ppm was
equaled or exceeded by 1 percent of the observations and a daily average of 3. 0
ppm was equaled or exceeded by 1 percent of the observations.
Hourly and daily
mean values ranged from 0. 5 to 0. 7 ppm.
As shown in Table 2-34, there was
little change in average concentrations with seasons.
    
Table 2-32.
CUMULATIVE PERCENT FREQUENCY OF OCCURRENCE OF HOURLY AVERAGE




0 ‘ , gArithmetic
Station
Number of













































       
2. 6. 2.2 Detroit - Windsor Area - The measurements of HC concentrations made
at the single station in the Detroit - Windsor area are summarized in Tables 2-35
and 2—36.
An hourly average concentration of 10. 8 ppm was equaled or exceeded
by 1 percent of the samples, and a daily average concentration of 9. 1 ppm was
equaled or exceeded by 1 percent of the samples.







































































































































































































































































































































































































































































































































































































HTable 2-36. CUMULATIVE PERCENT FREQUENCY OF OCCURRENCE OF DAILY AVERAGE




% of samples 2 stated value:
 
Station Number of “ Maximum Arithmetic
number samples 90 75 50 25 10 i value mean
408 156 1.1 1.6 2.6 3.6 4.7 9.1 9.1 2.8
        
















































































be emitted directly to the atmosphere from chemical process operations.




















a major contributor of NOX emissions.








































pollution to specific causes.
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areas have adopted standards as yet. They have been in use in California for many
years, chiefly as indicators of alert conditions, but notas desirable air quality.
The Ontario standards have been presented in the introduction to Section 2.
2. 7. 2 Measured Oxidants
Total oxidant concentrations were measured at six locations in the Port Huron.
Sarnia area and at three locations in the Detroit — Windsor area. Measurements
were made with continuous-monitoring coulometric type analyzers except at Station
208 where a colorimetric technique was used.
2. 7. Z. 1 Port Huron - Sarnia Area - All oxidant concentrations measured in the
Port Huron — Sarnia area were obtained on the Canadian side of the St. Clair River.
Hourly average values for the six stations are summarized in Table 2-37.
 
Table 2-37. CUMULATIVE PERCENT FREQUENCY OF OCCURRENCE OF HOURLY AVERAGE
TOTAL OXIDANT CONCENTRATIONS IN PORT HURON - SARNIA AREA
  
Concentration, ppm
Number 0 , Arithmetic
Station of A Of samples 2 Stated value' Maximum Arithmetic standard
number samples 90 75 50 25 10 1 value mean deviation
151 7,425 <0.01 <0.01 0.01 0.02 0.02 0.06 0.11 0.01 0.01
152 1,419 <0.01 <0.01 0.01 0.02 0.03 0.06 0.11 0.01 0.01
155 6,113 <0 01 <0.01 0.01 0.02 0.03 0.06 0.15 0.02 0.01
158 6,109 <0.01 <0.01 0.01 0.02 0.02 0.05 0.09 0.01 0.01
161 7,424 <0.01 <0.01 0.01 0.02 0.03 0.07 0.11 0.02 0.01
163 4,521 <0.01 <0.01 <0.01 0.02 0.02 0.05 0.11 0.01 0.01
        
Only one station, 155, had a maximum l—hour average concentration value
as high as the maximum allowed by the Ontario standards.
Maximum values of daily (24—hour) average concentrations were 0. 05 ppm or
less at all stations (Table 2-38). This value is well below the 0. 10 ppm maximum
concentration allowed by the Ontario Air Quality Standards.
2. 7. 2. 2 Detroit - Windsor - Total oxidant concentration measurements made in
the Detroit — Windsor area are summarized as hourly averages in Table 2-39 and
as daily (24—hour) averages in Table 2-40. It should be noted that these are based
on short periods of observation.
The maximum l-hour average total oxidant concentration at Station 208
exceeded the limit specified by Ontario, and the corresponding maximum at Station
420 was close to that limit. Similarly, the 0. 13 ppm 24-hour averageconcentration
at Station 208 exceeded the Ontario limit.
2.8 NITROGEN OXIDES
Nitrogen oxides are sometimes emitted into the atmosphere from chemical
plants, but they are also formed in combustion and other high-temperature






































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































will be transported across
the boundary,








inclusion of NOx in the survey was
mainly for completeness and not as
a transboundary indicator.
2. 8. 1 Air Quality Criteria
Air quality criteria for NOX will be published by the U.
S. National Air Pol-
lution Control Administration,






is their reaction with HC









urban pollution have not been
implicated as
causes
of adverse health effects,
but
it would be prudent












also harmful to vegetation,
but
usually to a lesser extent than $02.
Nitrogen dioxide,
as a corrosive agent,
is also
capable of damaging materials, but little information is available on the effects of
different levels of the gas.
Still less is known about possible harmful effects of
nitrogen monoxide; in any case, it normally oxidizes to the dioxide in the atmospher
Air quality standards
for NOx














































(24—hour) average Concentrations of NOx in the Port Huron - Sarnia area are sum-
marized in Tables 2-41 and 2-42.
The maximum hourly and maximum
daily aver-
age concentrations at Station 151 exceeded the limiting values of O. 20 ppm and 0.10
ppm,
respectively,
of the Ontario regulations.
Station 152 measured no concentra-




































































:; Table 2—42. CUMULATIVE PERCENT FREQUENCY OF OCCURRENCE OF DAILY AVERAGE
I.









    
- I ;Maximum Arithmetic
number samp1es 90 75 50 25 r 10 1 ’ va1ue mean
151 342 0.01 0.02 0.03 0.05 E 0.08 0.12 0.15 0.04
152 67 0.01 0.01 0.01 0.02 I 0.03 — 0.05 0.02
Z. 8. 2.2 Detroit - Windsor Area - As is shown in Tables 2-43 and 2-44, which
summarize the NOX concentrations measured in the Detroit — Windsor area, neither
of the two stations had maximum hourly average or daily average concentrations
approaching the limits set by Ontario.
Tab1e 2-43. CUMULATIVE PERCENT FREQUENCY OF OCCURRENCE OF HOURLY AVERAGE
 
 
W NITROGEN OXIDES CONCENTRATION IN DETROIT — WINDSOR AREA
Concentration, ppm
e, Number 0 _ Arithmetic
Station of A Of samples 2 Stated va1ue” Maximum Arithmeticstandard
number samp1es 90 75 50 25 10 1 va1ue mean deviation
R’ 202 1,458 <0.01 0.01 0.02 0.02 0.03 0.04 0.11 0.02 0.01





     
Table 2-44. CUMULATIVE PERCENT FREQUENCY OF OCCURRENCE OF DAILY AVERAGE
NITROGEN OXIDES CONCENTRATIONS IN DETROIT - WINDSOR AREA
Concentration, ppm
% of samp1es ; stated va1ue:
Station Number of Maximum Arithmetic
      
number samp1es 90 75 50 25 10 1 va1ue mean
3 202 75 <0.01 0.01 0.02 0.02 0.03 - 0.03 0.02
208 112 0.01 0.02 0.02 0.03 0.04 0.08 0.08 0.03
2.9 ODORS
Volatile Substances which evoke an olfactory response, usually objectionable,
but which are not necessarily identifiable as individual chemical compounds are
classified as odorous substances. Although it has a strong and unpleasant odor,
H25 is usually considered specifically and not as a member of the general class.
This is largely because H28 can be readily measured quantitatively in the concen-
trations which produce barely detectable olfactory response. In some instances,
the odor—producing substance may be well known, but techniques are not available
for measuring it in the extremely low concentrations at which it occurs in the at—
mosphere. For example, some complaints made at a public hearing in Port Huron



































































































































































































































































































































































































































































































































































































































































































































































































































































































































































each case of odor detection, the wind was blowing from the sector east through
south. On one patrol, an odor was detected adjacent to the Chrysler Marine Plant
south of Marysville. This was classified by the investigator as a paint odor.
From mid-October through the end of November 1968, four interested re-
sidents of Port Huron maintained records of their assessment of the odor problem
in their neighborhoods. Three of these observers lived in the southern portion of
Port Huron, which is close to the river and north and slightly west of the chemical
and refinery facilities south of Sarnia. The other observer lived in the northern
section of the city, not far from a cement plant and a paper mill. Odors reported
ranged from at least a slightly objectionable odor every dayof the 7-week
period to odors on only 18 of the 49 days. In the latter case, all except two of the
reported odors were classified as severe. The records of the observer who re—
ported odors on every day included wind direction estimates; very objectionable
odors were reported only when winds were easterly or southerly, except on one
occasion when a very objectionable odor was reported with a north wind.
2. 9. 2. 2 Marine City Sector — Many complaints have been registered in the Marine
City, Michigan, and Sombra, Ontario, area because of a malodor attributed to the
Chinook Chemical Company south of Sombra.
 
Odors were detected in the Marine City — Sombra area on 13 occasions during
the 33 patrols by odor investigators during August and September 1968. Seven of
these odor detections occurred in the immediate vicinity (within one mile) of the
Chinook Chemical Company facilities. One of these odors was recorded as a scento-
meter strength of 2, one as a strength of 1, and all others as a strength of 0. The
remaining six odor detections, not in the immediate vicinity of the chemical plant,

















































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































in those other cities.








































































































































































































































































































































































































































































































































 Table 2—46. CORROSION RATES IN PORT HURON — SARNIA
AND DETROIT — WINDSOR AREAS; DATA FOR FIVE
UNITED STATES CITIES GIVEN FOR COMPARISON
    
Station number I Starting CONOSIon rates’ I‘m/yr
or Iocation * date Zinc Stee1 Stee1a
400 5—02—66 3.7 51 75
429 5-03-66 5.7 -- 77
409 9-08-67 Void 48 64
426 10—04—67 2.8 37 51
427 9-27—67 ——— 4O 47
202 2—07-68 2.3 -- --
301 9-13-67 3.3 30 ' 73
305 9—13-67 2.6 56 84
154 2—28-68 1.3 49 76
158 2-28-68 1.4 47 77
217 i 2-28-68 4.1 -— 31
Hennepin, 111. i 6-21-66 1.1 31 41
Cincinnati, Ohio I 1-19-66 1.9 18 25
Phi1ade1phia, Pa. 1-13-66 3.1 -- 71
Buffa1o, N. Y. ‘ 1-27-66 7.1 88 128
Chicago, I11. 1-31-66 5.2 31 50
 
aBased on average va1ues for 3 months.
The silver tarnishing rates reported throughout the study area compared very
closely with those reported in Cincinnati but were somewhat lower than those in
Philadelphia, Buffalo, and Chicago.
2. 10. 4 Nylon Deterioration
Nylon damage is associated with acid mist in the atmosphere. Although nylon
damage was observed at Stations 400 in January, 429 in August, and 217 in July
(Table 2-49), the occurrences are far too few to be considered a serious problem.
The nylon damage reported at all stations in the area was far less than that report-
ed at Philadelphia and Chicago during the same period.
2. 10. 5 Rubber Deterioration
Rubber deterioration is associated with the presence of ozone in the atmos-
phere. Its rates throughout the study area (Table 2—50) fall within the 50th per-
centile of ISP data (Table 2-45). These rates are lower than those at the control
































Tab1e 2-47. FADING OF DYED FABRICS IN PORT HURON - SARNIA
AND DETROIT - WINDSOR AREAS; DATA FOR FIVE
UNITED STATES CITIES GIVEN FOR COMPARISON
     
Co1or change,
Number of Judd units ( AE)
Station number Starting quarter1y Type 3, Type 5,
or 1ocation date samp1es N0X Ozone
400 5-02-66 4 37.6 9.6
429 5-03-66 3 33.5 11.1
409 9—08—67 3 26.5 11.3
426 10-04-67 3 27.4 11.5
427 9-27-67 2 21.4 14.0
202 2-07-68 2 31.4 9.7
301 9-13-67 4 24.1 12.1
305 9-13-67 4 23.4 12.0
154 2—28-68 3 24.7 14.0
158 2-28-68 3 21.9 11.8
217 2-28-68 2 28.1 13.6
Hennepin, I11. 6-21-66 3 17.5 11.9
Cincinnati, Ohio 5 1-19-66 4 34.8 9.3
Phi1ade1phia, Pa. 3 1—13—66 4 i 41.3 8.5
Buffa1o, N. Y. ? 1-27-66 4 1 39.2 5.9
Chicago, I11. ' 1-31-66 4 I 50.7 4.0
2.10. 6 Summary
When data from this study are compared with the ISP data, it can be concluded
 
that the major materials problem in the International Joint Commission Detroit -
St. Clair River study area is the corrosion of metals (steel and zinc). Dye fading
due to NOX and ozone, although observed, is not unusually great. No major prob-
lems were noted in nylon deterioration, silver tarnishing, or rubber deterioration,
n although levels were usually above those at the background clean station.
2.11 EFFECTS OF AIR POLLUTION
Air pollution damage to vegetation is important not only for the economic
losses it causes agriculture, but also because vegetation damage is a forewarning
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 Tab1e 2-48.
SILVER TARNISHING IN PORT HURON - SARNIA AND DETROIT - WINDSOR
AREAS; DATA FOR FIVE UNITED STATES CITIES GIVEN FOR COMPARISO_N__
  
Station number Starting Number of Reﬂectance?
or 10cation date month1y samp1es % 1055
400 5-02—66 12 73
429 5-03-66 12 71
409 9-08—67 11 62
426 10-04—67 11 59
427 9-27-67 10 46
202 2-07-68 9 69
301 9—13—67 12 70
305 9-13-67 12 52
154 2-28—68 10 64
158 2-28—68 11 66
217 2-28-68 10 50
Hennepin, I11. 6—21—66 12 34
Cincinnati, Ohio 1—19—66 12 55
Phi1ade1phia, Pa. 1—13-66 11 81
Buffan, N. Y. I—27—66 11 88
Chicago, I11. 1-31—66 10 77
  
Tab1e 2-49.
NYLON DAMAGE IN PORT HURON - SARNIA AND DETROIT — WINDSOR
AREAS; DATA FOR FIVE UNITED STATES CITIES GIVEN FOR COMPARISON
  
Station number Starting Number of TotaT
or Iocation date montth samp1es of defects
400 5-02-66 12 2
429 5—03-66 12 2
409 9-08-67 11 O
426 10—04-67 12 0
427 9-27-67 11 0
202 2-07-68 10 0
301 9-13-67 12 0
305 9-13—67 12 0
154 2—28-68 9 0
158 2-28-68 10 O
217 2-28-68 9 1
Hennepin, 111. 6-21-66 12 0
Cincinnati, Ohio 1-19-66 12 0
Phi1ade1phia, Pa. 1-13-66 12 53
Buffa1o, N. Y. 1-27-66 11 2
Chicago, 111. 1-31-66 12 26
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h
Table 2—50. RUBBER DETERIORATION IN PORT HURON — SARNIA
AND DETROIT - WINDSOR AREAS; DATA FOR FIVE






or iocation date sampies um
400 5-02-66 52 73
429 5-03-66 47 73
409 9-08-67 39 32
426 10-04—67 52 70
427 9-27-67 32 142
202 2-07-68 36 143
301 9-13-67 44 58
305 9-13-67 46 56
154 2-28-68 43 60
158 2—28-68 43 55
217 2-28—68 36 126
Hennepin, I11. 6-21-66 46 110
Cincinnati, Ohio 1-19-66 50 58
Phi1ade1phia, Pa. 1-13—66 45 62
Buffaio, N. Y. 1—27-66 46 40
Chicago, I11. 1 1-31-66 51 21
  
study areas. This report is an attempt to identify some of the toxicants present
in those areas and to evaluate the effects on vegetation of the pollutants found in
the air at Port Huron - Sarnia and Detroit - Windsor. The presence of these
toxicants indicated by changes in the leaves of selected, sensitive plants grown in
the study areas.
 
2. ll. 1 Selective Vegetation Study
2. ll. 1. 1 Methodology - To obtain information on air pollution effects on vegetation
in the area, a study was undertaken to assess damage on plant species. Selective
vegetation was cultured hydroponically in vermiculite in exposure shelters at six
locations from May 6 through July 17, 1968, at Belle Isle Park, Grosse Ile, Detroit,
and Port Huron, Michigan, and in Winds or and Sarnia, Ontario, as shown in Figure
2-10.
Six plant shelters (6 feet in diameter by 7 feet high) were made from trans-
lucent fiberglass panels with aluminum frames, and then erected on wooden plat—
forms. Three vents in the sides near the bottom admitted ambient air and an
exhaust fan in the roof provided one complete air change per minute. A control
shelter with activated charcoal filters was installed at the Grosse Ile site.
Tobacco W3, pinto bean, geranium, petunia, begonia,» and gladiolus were
grown in vermiculite hydroponically in 4—inch pots under controlled conditions in
Air Quality of the Port Huron - Sarnia and Detroit - Windsor Areas 2-55
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Figure 2-10. Shelter locations for vegetation study.






the laboratory. Seedlings of selected plants were transported into vermiculite in
8—inch pots and placed in shallow trays containing a prepared nutrient solution.
Vegetation was examined for leaf injury when the plants were tended, two to
three times each week. Accumulation of leaf injury and suppression of growth
were summarized after the first 5 weeks, the second 5 weeks, and for the entire
10—week study period.
2. 11.1. 2 Results
2. ll. 1. Z. 1 Ozone and sulfur dioxide.
The plants exhibited SOz, fluoride,
ozone (O3), and PAN—type damage, as well as Chlorosis and generalized growth
suppression.
Tables 2~51 and 2-52 summarize leaf damage on the selective vegetation.
 
Data are shown for two 5-week periods, from May 6 through June 6 and from June
7 to July 17, 1968.
Both the type and amount of damage are listed.
Table 2-5l. DAMAGE TO PLANT VARIETIES DURING THE 5-NEEK



















































(T) (M) (M) (T) Pigmentation
(M)
     




0 to 5 percent of leaf area damaged.
5 to 25 percent of leaf area damaged.
25 to 50 percent of leaf area damaged.
b03 x 502 indicates synergism between ozone and sulfur dioxide.
When the type of injury is specific to a certain pollutant, the pollutant responsible
is listed. If the type of injury is nonspecific, however, it is classified according
to type of damage, such as Chlorosis. Figures 2-11 and 2-12 show the levels of
ozone and $02 in Sarnia on selected dates. Figures 2-13 and 2-14 show the levels
in Windsor on selected dates. These levels of pollutants correspond with the







































Tobacco 03 03 x $02b 03 x $02 03 x $02 03 x $02
a
(E) (E) (E) Acid mist Acid mist
(E) (S)
Pinto bean 03 03 O3 O3 03

























Begonia 03 03 Oxidant 03 x $02 03
(M) (E) (E) Chlorosis Chlorosis
(M) (S)
Geranium Chlorosis Chlorosis Oxidant Chlorosis Chlorosis
(M) (E) (E) (M) (E)
   
aLetters indicate extent of damage:
T (trace) = 0 to 5 percent of leaf area damaged.
M (moderate) = 5 to 25 percent of leaf area damaged.
E (extensive) = 25 to 50 percent of leaf area damaged.
S (severe) = >50 percent of leaf area damaged.
































































































































































































Rubber cracking was measured by exposing rubber strips under constant
stress adjacent to each of the plant shelters. After exposure for 1 week, the
rubber strips were examined microscopically to determine the average crack
depth in millimeters. A linear relation is reported to exist between the extent of
crack depth in rubber strips and the duration of exposure to a given concentration
of 03. According to Vega and Seymour, 13 if the exposure is 7 days, the aver-
age 03 concentration can be approximated in pphm by multiplying the average crack
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Sulfation, an indication of the long-term average 802 concentration, was
measured by lead peroxide plates exposed in an effects shelter adjacent to each
plant shelter.
After exposure for approximately 5 weeks,
the candles and plates
were analyzed for total sulfate and the sulfation rate was calculated.
Sulfation
was highest in Port Huron, followed by Sarnia, Windsor, Belle Isle, and Grosse
Ile, respectively (Table 2-53).
g. 11. 1. Z. 2 Nonspecific damage. In addition to tissue destruction, all plant
species showed growth suppression. Comparable plants grown in the control station
with activated carbon filters had longer leaves, a wider stem, a darker green color,
and generally more vigorous growth and appearance. Table 2-54 lists the percent—
age by which exposed speciinens were smaller than the control specimens of the
same age. A value of 20 percent means that the growth of plants in an exposure
chamber was estimated by visual comparison to be 20 percent less than that in
the Grosse Ile control shelter. Table 2—55 lists measurements made of the root
system of tobacco plants exposed for 10 weeks at the five stations. The root
systems of the controls weighed more and the diameters of the stems of the con-
trols were larger than those of the exposed plants. The tobacco plant grown in
the Sarnia station had the smallest root system; its weight was approximately 46
percent of that of control plants and the stem diameter was two—thirds the size of
control plant stems.
2. ll. 1. 2. 3 Fluorides. Fluoride is an accumulative toxicant, so that the
development of plant injury is usually associated with the buildup of fluoride in the
leaf over a relatively long period. This is in contrast to the action of most phyto-
toxicants, which normally cause injury within a short period of exposure. Hydrogen
fluoride is toxic to some plants at concentrations as low as 0. 1 ppb for 5 weeks. 1
All fluorides, particulate as well as gaseous, can accumulate either outside or in—
side the leaf and can cause injury to the leaf. Low concentrations also cause re-
ductions in growth and food formation.
To find whether fluoride injured Vegetation in the study areas snow princes,
which are gladioli sensitive to fluoride, were planted in vermiculite at the five


































































































































































     























































































































































































































































































are shown in Table 2-56.




















fleck, stipple, and bleaching on tobacco, pinto bean, and petunia plants. PAN
damaged pinto bean plants. Ozone damaged plant varieties exposed at all five
locations, whereas PAN only injured the plants exposed at Belle Isle and Sarnia.
The effect associated with a given amount of O3 in ambient air on Tobacco W3 was
more severe in exposed plants than in laboratory plants exposed to the same con-
centration of 03 because ambient air is contaminated with S02, which interacts
with and enhances the effect of 03 on vegetation.
Tobacco W3 was injured more severely in Sarnia than in other locations be-
cause of the higher concentrations of O3 and S02 that occurred simultaneously
there on several days during the course of the study. In Port Huron, the damage
to plant varieties was not as severe as in Sarnia. Because emissions are carried
by the wind from the power plants and oil refineries across St. Clair River, the
802 level in Port Huron appeared to be dependent upon wind direction. Synergistic



















































































   
aThe range (: figure) of the concentration is equivalent to the
amount of the blank determination.
When plants contain more than
a few ppm F, atmospheric contamination is indicated.l5.15
action also caused damage to tobacco exposed at Belle Isle because of high levels
of $02 and O3.
 
_ Limited fluoride accumulation was found in the leaves of gladioli grown in the
study areas. Fluoride accumulation was higher in plants grown in Port Huron,
Grosse Ile, Belle Isle, Windsor, and Sarnia, respectively.
Growth was suppressed in Tobacco W3, pinto bean, petunia, and geranium ‘
when the plants were grown for 10 weeks in ambient air in the study area. These 1
plants were compared to similar plants grown in ambient air that was passed I
through activated carbon filters. Leaves of plants grown in carbon filtered air 5
were longer, more vigorous, and darker green. The root systems of plants grown 1
in carbon filtered air also were larger and more vigorous and the stem diameter I
was larger than those grown in unfiltered air. Finally, it may be said that the at- I
mosphere to which plant varieties in the study areas were exposed contained a ,
complex mixture of gases such as oxidants, PAN, 802, N02, fluoride, and others.
Continuous exposure to a combination of pollutants in low concentrations may I
sensitize a plant or reduce its resistance to single or combined pollutants. Thus, '
short periods of pre-exposure of plants to a combination of gases in low concen-





Appropriate data were limited for assessing the effect on visibility of smoke
traversing the boundary. The available data were analyzed, however, to estimate
the extent of this effect. Data used in the analysis were from City and Metropoli-
tan Airports in Detroit. Accordingly, the conclusions drawn from the data applied
only to the Detroit River vicinity. Comparable data were not available for a simi-
lar analysis of the St. Clair River vicinity.
Hourly surface observation data for each of the two stations were analyzed
for the study period, December 1967 through November 1968. The analytical
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December 1967 through November 1968.
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National Air Pollution Control Administration. Washington, D. C.
Publication No. AP-49, 1969.
JOINT AllR POLLUTION STUDY i
 3. EMISSIONS INVENTORY
An inventory of pollutant emissions from sources in the Port Huron - Sarnia,
Detroit - Windsor area was compiled from data for the year 1967, for the counties
of Essex, Kent, and Lambton in Ontario, and Wayne, Oakland, Macomb, and St.
Clair in Michigan. The county boundaries were considered to extend to the inter-
national border where necessary to include emissions from ships. The types of
pollutants reported were particulates, sulfur oxides (SOX - primarily 502), nitro-
gen oxides (NOX), hydrocarbons (HC), and carbon monoxide (CO).
The particulates emitted included both organic and inorganic matter from
fuel combustion, charred cellulose from refuse combustion, oxidized gasoline
additives (mainly lead compounds) from motor vehicles, mineral dust from
asphalt—batching plants and cement plants, and metallurgical fumes and organic
and inorganic dusts from industrial processes.
Sulfur oxides were found to include 502, which is primarily a product of
combustion of sulfur—bearing fuels such as coal and fuel oils; 503, from industrial
processes; sulfuric acid mist, from the acid production; and SOX, from crude oil
refining and coke production.
Nitrogen oxides are produced during the combustion of all fuels, from both
mobile and stationary sources.
Hydrocarbons and C0 are usually products of inefficient fuel combustion;
however, they also emanate from the petrochemical industry. Even though large
quantities of fuel are consumed in power plants, the high boiler temperatures re—
sult in low HC and CO emissions. Combustion of gasoline in the internal com-
bustion engine and open burning of refuse result in high HC and CO emissions.
3.1 PROCEDURE
The year 1967 was used as a base for determining emissions since that was
the last complete year for which data were available. The quantity of each fuel
sold by retail dealers and the quantity sold to industries were determined and
used in calculating emissions from fuel combustion. Data on traffic volumes,
gasoline consumption, diesel fuel consumption by trains and trucks, and fuel con-
sumption by ships and aircraft were gathered and used in calculating emissions
from mobile sources. The quantity of refuse generated in the area and methods
of disposal were determined; then the data were used to calculate emissions from
burning refuse. Data on industrial processes were collected by questionnaires
sent to the larger companies. Calculations of process emissions were made with
the help of these data; also, observations were made of some of the processes.
Any individual site that emitted 100 tons or more of any single pollutant per
Year was considered as a point source. There Were 178 such point sources.












































































































































































































































































































































































































































































































shown in Table 3—2.











































































































































































































































































































































































































































































































































































































































































































over the remaining categories.
3.2. 2 Detroit - Windsor Area
Of the 258, 000 tons of particulate emissions in the Detroit — Windsor area,
61 percent came from the U. 5.: industrial process losses, 23 percent; steam-
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JOINT AIR POLLUTION STUDY I
 Tab1e 3-1 (continued).
AND PORT HURON - SARNIA AREAS, BASED ON 1967 DATA
AIR POLLUTION EMISSIONS BY COUNTIES IN DETROIT — WINDSOR
     
(tons/yr)
Mob1‘1e sources of fue1 combustion
I
Vehic1es
Pollutant Gaso11’ne Diese1 Trains Ships Aircraft
Detroit - Windsor area
Wayne County
Particu1ates 6,884 3,129 825 1,316 216
soX 3,610 1,138 300 2,948 0
NoX 39,175 6,314 1,665 2,746 675
HC 155,592 3,868 1,020 158 2,191
cc 964,207 1 ,707 450 149 10,103
0ak1and County
Particu1ates 2,319 271 --- -—- ---
SOX 1,739 99 —-- --- ---
NOX 21,835 547 --- —-- --—
HC 49,977 335 --- --- —--
C0 444,429 148 --- --- ---
Macomb County
Particu1ates 1,476 120 --— 1,418 2
SOx 1,109 44 --- 2,161 0
NOX 13,895 242 --- 3,444 17
HC 31 ,804 148 --- 950 64
(:0 282,820 65 ——- 424 302
Essex County
Particu1ates 305 524 177 2,455 9
50x 228 234 79 4,498 ---
Nox 3,241 1,056 357 1,613 40
H0 8,110 652 219 211 146
C0 55,014 289 96 250 719
Kent County
Particu1ates 79 135 87 --- -~-
SOX 57 60 39 --- ---
NOX 841 273 175 --- ---
HC 2,016 166 107 --- -—-
C0 12,933 93 47 --- ---
Port Huron — Sarm’a area
St. C1a1‘r County
Particu1ates 210 140 --— 498 ---
SOX 105 51 --- 2,120 ---








CO 30,422 76 --— 164 ---
Lambton County



















































































































































































































































































































































































































































































































TabIe 3-1 (continued). AIR POLLUTION EMISSIONS BY COUNTIES IN DETROIT — WINDSOR
AND PORT HURON — SARNIA AREAS, BASED ON 1967 DATA
    
: (tons/yr)
‘ Process 1osses
Gaso1ine hand1ing So1vent Tota] an
' Po11utants Industria1 and storage 1osses sources
Detroit - Windsor area
Wayne County



























50x 664 --- --- 18,377 ‘1
NOX 111 --- —-- 32,100
HC 2,495 5,294 10,075 99,590




















HC 957 3,369 6,682 67,715
C0 20 -—- --- 296,905
Essex County







N0x -—— --- --- 17,079 r;
HC 3,719 2,780 259 16,853 x ‘
CO --— --- --- 58,724
Kent County
Particu1ates 355 --- -—- 946
SOX --- --- --- 1,394
NOX ——- --- --- 2,127
HC 655 362 6 3,464
C0 28 --~ --- 13,517






Particu1ates 1,600 --— --- 24,216 (I







; HC 1,349 674 931 14,108
C0 0 --- ——- 35,015
Lambton County








; NOX "' "‘
) l “C 37,796 10,323 --- 52,823
-—i C0 154,393 --- --— 173,987
















































































































































































































































































































































      





















































































































































































































































































































































































































































































































































































































































































































































































































































































emissions, 5 percent of the SOX emissions, 6 percent of the NOX emissions, less
than 1 percent of the HC emissions, and 1 percent of total CO emissions. Com-
















coal and residual and distillate fuel oils.
These fuels accounted for most of the










mental facilities and appartment buildings.
These are all coal-fired and discharged





cent of the SOX and NOX emissions.
Industrial fuel combustion for space heating, process heat, and steam and
power generation released approximately 25 percent of the particulate emissions,
21 percent of the SOx emissions,
and 24 percent of the NOX emissions.
Because
the larger industrial boilers usually operate at high combustion temperatures, less
than 0. 5 percent of the area's HC and CO emissions emanated from industrial fuel
combustion processes.
In the Canadian area,
industrial fuel combustion was the source of 65
percent of all particulate emissions,
68 percent
of all SOx emissions,
and 60
percent of all NOX emissions.
The greatest portion of these emissions is
the result of the use of large amounts of bituminous coal by industry.
In the
U. S. area, industrial fuel combustion constituted approximately 17 percent
of the particulate emissions, 15 percent of the SOx emissions,
and 19 percent
of the NOX emissions.
There are 13 steam-electric power utilities in this area.
Nine are located in
Wayne County and one in Essex County, along the Detroit River. The other three
power plants are in St. Clair County along the St. Clair River.
Bituminous coal
was used in all of these plants during 1967.
There are plans to convert some of
the boilers to oil and gas burners.
Steam—electric power plants were the source
of 25 percent of the particulates, 64 percent of the SOX, 34 percent of the NOX,






The 12 power plants on the U. S. side discharged approximately 29 percent
,3 1‘
of the particulate emissions,
72 percent of the SOx emissions,
and 38 percent of
I
the NOX emissions from the U. S. area. In the Detroit - Windsor area, the nine
U.S. power plants discharged 22 percent of the particulate emissions, 55 percent
of the SOx emissions, and 26 percent of the NOX emissions.
In the Port Huron -
Sarnia area,
the U. S. power plants emitted 30 percent of the particulate emissions, r
74 percent of the SOX emissions,
and 62 percent of the NOx emissions.
3.4 FUEL COMBUSTION IN MOBILE SOURCES
Included under the category of mobile sources are emissions from gasoline-
and diesel-fueled motor vehicles; diesel railroad engines; ships on the St. Clair
River, Detroit River, and Lake St. Clair; and emissions from aircraft. Altogether,
mobile sources discharged approximately 8 percent of the particulate emissions,
2 percent of the 50;; emissions, 30 percent of the NOX emissions, 48 percent of k,
the HC emissions, and 85 percent of the CO emissions. Automobiles accounted
for a major portion of NOX, HC, and CO emissions, discharging 24 percent, 46




































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































in the area, 4 percent of the SOX emissions, 1 percent of the NOx emissions, 14




















































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































    


















































































































































































Prestolite Wire and Cable






































































































































 Table 3-3 (continued).

































































































































































































































































































































































































































































































































26. Sombra Township Dump - - —- - - 23 — 16 43 122 - - - -
-
27. Chinook Chemicals 8 120 26 l —
28. C.I.L. Power House 48 626 151 4 4 - - - - -
29. C.I.L. Ammonia Plant 47 l 544 ~
30. Ethyl Corp. - 53 14 - - - - c - - - -
31. Shell Canada (Sarnia 431 12,738 1,498 36 36 - - - - - 470 4,368 - - 2,850 -
32. Refinery)
32. Dupont (St. Clair River 63 1,189 194 7 6 3 — 2 5 14 — - — - 2,800 —
Works
33. Fiberglas (Glass
26 395 109 2 2 240 - 165 450 1,275 311 374 - - 85 -
Furnaces)
34. Sun Oil Boiler Plant 235 2,071 1,161 16 17 — - - - ~ 525 164 6 - 432 8,270
(Refi
nery)
35. Dow Chemical (Steam 1,857 14,187 2,874 123 332 - - — - - - 387 - - 1,765 58
Process)
36. Dow Chemical (Process) 4 - 45 - - - - - - - - — — - 2,116 -
37. Polymer
12 - 143 - — - - - - - - 360 - - 730 -
38. Dow Chemical (Process) - - - - - - - - - - - - - - -
39. Dow Chemical Process) 3 - 31 - — - - - - - - - — - 7,585 -
40. Polymer
18,268 25,056 7,110 295 886 - — - — - - 35 340 — 13,485 -
41. Cabot Carbon
70 590 836 - 2 - - - - - - 290 - - 3,540 55,200
42. Imperial Oil (Refinery) 217 266 172 2 2 - — - - -
















— - - - - - 225 - - - -
Lambton County total 22,208 68,002 18,509 524 1,329 266 -





















735 - - -
-
-















                
aCompany withheld data necessary for emission calculations; estimates made based on data from publications and State and local Air Pollution Control
b
agencies.
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Figure 3-2. Point source locations in Port Huron—Sarnia and Detroit—Windsor areas.
ancl chemical plants. Emissions of SOX and NOX are expected to increase by 10
and 6 percent, respectively.
This is primarily as a result of the new unit added
to the Detroit Edison Power Plant at St. Clair.
A reduction of 57 percent in particulate emissions from point sources in the
Canadian area has been projected for 1971; 39 percent of this reduction is fromthe
Proposed conversion of boilers from coal to gas in 1970 by the Polymer Corpora—
tion. Emissions of SOX and NOX from point sources will be more than doubled
When all four units of the Ontario Hydroelectric Power Plant, in the Sarnia area,
















































































































































































































































































































steel plants, oil refineries, many automobile factories, and related parts suppliers. ‘




















pollutants emitted from the combustion of fuel and refuse and from process losses.
The point sources are located in Figure 3—2.
In the Canadian area, 47 of the 48 point sources listed are industrial plants;
the other is a steam—electric utility. The point source emissions contributed 89
percent of the particulates, 84 percent of the SOX, 69 percent of the NOX and HC
emissions, and 64 percent of the CO emissions for the area. Thus, well over
two—thirds of the pollution in the Canadian area is generated by these 48 sources.
In the U. S. area, there are 98 industrial point sources, 18 power and heat-
ing plants, 5 governmental or institutional sources, and 9 municipal incinerators.
Together, these 130 point sources contributed 68 percent of the particulate emis—
sions, 83 percent of the SOX, and 50 percent of the NOX emissions in the U. S.
area. They accounted for only 8 percent of the HC and 3 percent of the CO emis—
Sions.
3.8 HAISSION CHANGES BETWEEN I$7 AND 1971
Listed in Table 3-4 are changes in emissions from individual point sources
that have already taken place or are proposed for implementation by 1971. The l
emission changes consist of reductions due to installation of control equipment ,
‘
discontinuation of some processes, and increases due to new plants, new proc—
esses, and new additions that have been made to date. Only changes known to be
planned for production and control techniques are included. These planned changes
can be determined only for individual plants, i. e. , point sources. Table 3—5 gives
the total percentage changes by year, based on the 1967 emissions from point
sources in the U. S. and Canada.
A reduction of 39 percent in particulate emissions from the point sources in
the U. S. area has been projected for 1971. Most of this reduction is to be ef_
fected in the emissions from power plants, steel plants, automobile manufacturers,
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are on line by 1971.
Emissions Inventory 3‘ 19
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Ke1sey Hayes Co. - CupoIa — Insta11 after- 405 785 287 14 39 No change No change
burners and change accessory parts in
co11ector system by 1970.
   
Peer1ess Cement
Jefferson P1ant — Phase out and bui1d 1,001 319 987 2 6 No change I No change _
new p1ant 1972. I I I I I I I I
Brennan P1ant — Revamp co11ector system. 1,280 55 530 - - No change No change











Sinterinq - Hot gas discharge - insta11 4,550 258 - - - No change No change
ESP by 1971. C1inker
discharge - add 5,
000 -
- - No c
hange
No change
dry co11ectors by 197
1.
I I I I
I I I I
Coke Ovens - bui1d newovens to rep1ace 2,660 4,180 — — - I No change No estimate
o1d 1st quarter 1970. I I I I I I I





























Scott Paper - Convert power house to
1,487






gas and oi1 by 1970.
 
I
McLouth Stee1 - Phase out oxygen process 6,884 613 5,254 7 16
p1ant #1 and expand BDF p1ant #2 to
five vesse1s with new Theissen dis-
integrators by mid—1969. Sinter
p1ant - Refurbish cyc1ones, overhau1
ESP by 1970.
I















Conners Creek - Increase co11ector effi— 14,800
71,100 16,390 164 410 9,550 71,100 16,390 164 410 4,300 71,100 16,400 200 400
ciency from 75 to 90 % by mid—1969.





























































































































































































































































































































































































































































































































































































































































































































































































































































































































Detroit - Install auxiliary gas burners and
stimate
barometric dampers on all 4,000 existing
apartment flue-fed incinerators - approx—




U.S. Rubber Tire - convert
pulverized-fuel 1,46










Export Processing — Instal
l afterburners on
7 47 22 206
l 7 47 22
dRe—d 1 7





   
Wolverine Aluminum Corp. —
Install gas-fired
2 - - 1,015
5 ' No‘change
'
fune burner by 1970.









   
Hyandotte Chemical Corp. -
Stop open burning
1968.
North - Correct uncontrolled 15 % of exhaust 746 - 45 — 12,585
No change
No change
I 1 1 I
gas by 1971.
South Plant - Cement - Refurbish ESP by 1969. 1,536 132 89 - 21,280 608 132 89 - 21,280
No change
Lime Plant — Phase out use - no date.
I I ‘






































Stop open burning 1972.
96 1,620
No change
   
-30,384 -2,824 -772 -203 —949 -30,019 +73,345 +11,418 -1,218 -425
     














































































































































































































































































































































































































































































































































































































































































































































TabTe 3—5. PROJECTED PERCENTAGE CHANGES IN POINT SOURCE EMISSIONS, 1968 THROUGH T970
 
Total change by








P011utant U. S. Canada U. S.








































   






4. TRANSBOUNDARY FLOW OF AIR POLLUTANTS
Climatological and meteorological survey data discussed in Section 1 have
indicated the effects of meteorological factors — primarily the wind direction - on
the transport of air pollutants across the international boundary. Such indications
are qualitative only. Specific association of pollution at a receptor site with a
particular source or group of sources is not possible unless the source is either
unique as to the pollutant it emits, as might occur in the case of an odor (see
Section 3) , or isolated geographically.
By combining pollution measurements
with coincident wind data, inference can be drawn as to the general sector or
origin of pollution affecting a particular receptor location. Graphic displays of
such combined data, called pollution roses, can be made for occurrences of pollu—
tion concentrations in excess of a selected value;
alternately,frequency distribu-
tions may be tabulated by wind directions.
Source emission inventory data may be used with meteorological data to
estimate quantitatively the contribution of individual or groups of point or area
sources to the pollution at specific receptor sites. A mathematical dispersion
model1 is used in making such anestimation; and the best verification is obtained
when time-averaged, i. e. , seasonal or annual mean, emission rates are used to
estimate average concentrations for corresponding periods. Both pollution roses
and dispersion models have been used to evaluate the extent of transboundary flow
of air pollution in the Port Huron - Sarnia and Detroit - Windsor areas. In
addition, an airplane was used to make measurements of the flux of certain pollu-
tants through the vertical plane along the international boundary. Two sets of flux
measurements were selected for illustration, one in the Detroit—Windsor area
with a westerly Wind carrying pollution from the U. S. to Canada, and one in the
Port Huron—Sarnia area with a northeasterly wind carrying pollution from Canada
to the U. S.
The significance of transboundary flow of air pollution is discussed below on
the basis of interpretations of the preceding analyses and measurements.
4.1 POLLUTION ROSES
Pollution roses were constructed for stations having measurements of
suspended particulates, soiling index, and/or 502 coincident with wind
direction at or near the station. Furthermore, selection of stations for
pollution roses was based on their proximity to the boundary and their spacing
atIOng the boundary. For suspended particulates, wind roses were constructed
Showing the percentage frequency of occurrence of each wind direction for all
hours when the daily average suspended-particulate concentration exceeded an
arbitrary value considered representative of relatively dirty air for each station.
To reduce the inconsistencies associated with light and variable winds, only
Z4-hour periods when the average wind speed exceeded 3 miles per hour were con—
Sidered in the roses for particulates. Because of the nature of the particulate


















































































































































































pollution. Among other factors, the following affect interpretation:
1. The capacity of the air to disperse pollutants varies with wind speed and
stability, both of which differ with wind direction.
2. At any location, certain wind directions will occur more frequently than
others. Such variations will introduce some bias into pollution roses.
3. The height and distance of a source affect the amount of pollution
reaching a receptor.
Stations on the banks of the Detroit River offer the most unequivocal evidencef
of transboundary flow of particulates. Stations 205 and 209 in Canada each have i
high frequencies of occurrence of west Winds during periods of high suspended-
particulate concentrations; this indicates that Detroit is the source region. A
portion of the particulate loading, however, would be contributed from sources
located in Windsor between the sampling station and the boundary.
The suspended-particulate rosesfor the Port Huron—Sarnia area (Figure 4—4)
also show evidence of local source contribution. Stations 151, 160, and 161 indicate
contributions from Canadian sources lying in the area between these stations.
Evidence of significant cross-boundary transport is indicated at Stations 159 in
Lambton County, Canada, and 307 in St. Clair County, United States. This trans-
port is presumably from sources directly across the river in each case. In addi-
tion, several of the stations showed frequent wind directions paralleling the river
during high-concentration periods. Several of these cases cannot be explained by
sources in the St. Clair River vicinity, which suggests that at times appreciable
particulate pollution may reach this area from the Detroit~Windsor vicinity.
Pollution roses for soiling index for the Detroit—Windsor area (Figure 4-2)
emphasize the frequent occurrence of high soiling index in Detroit. Again,
the riverfront stations, 403 and 404 in the U. S. and 202 in Canada, offer the
most obvious evidence of transboundary flow. Both 403 and 404 show appreciable
pollution from all directions including those that indicate an air trajectory over
Canada. This trajectory could imply the transport of pollutants originating in the
U. S. , i.e. , the Zug Island-River R.ouge~—Ecorse area, passing across a
portion of Windsor and returning to the U. S., reaching sampling Stations 403
and 404.
The
relatively high frequency of occurrence of pollution at Station 202,
associated with northwesterly Winds,
tends to indicate as the source the heavily
industrialized area of Zug Island and the lower Detroit River area.
The data for
Station 406,
which is located west
of this industrialized area,
emphasize
the




(Figure 4-5) in Port Huron
Suggests
significant transboundary flow from sources in the petroleum-related industrial








4-3 JOINT AIR POLLUTION STUDY
 






























>200 ug/m3 \// \, / \
I |_ N :14 \x) \/ \ \



























APR 68-NOV 68 $1
I | I \ / ,‘zV N :14
I ’—”’— ‘ ’ \
i | 7 I \ // /
I | I / /
‘ STA I
L___ I l— — —STATION 4135 I - / >20; fig/“235

















































- I >100 pg/m3








5 10 15 20 25 30
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ii;
Figure 4-1. Hourly wind roses for 24-hr periods with suspended particulate concentrations in excess
of indicated values andaverage wind speed >3 mph, Detroit River vicinity, December
1967 through November 1968 (unless otherwise indicated).
isolated source directly across the St. Clair River in Canada. Some pollution
arrived at Station 151 from the U. S. with the westerly winds, but uniformity of
the distribution suggests that this station is in a generally polluted area.
In the case of 502 pollution (Figures 4—3 and 4—6), the data from the
riverside stations, 404 in the U. S. and 202 in Canada, indicate appreciable
CI‘Oss-boundary ﬂow. Station 415 is located west of the Zug Island - River Rouge
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Figure 4-6. Sulfur dioxide pollution roses showing percent of concentrations for each wind direction
exceeding 0.10 ppm for periods indicated in St. Clair River vicinity (unless otherwise
indicated).
meteorological data were available. The emission inventory was for 1967, and
should be representative of the period selected. A study of meteorological
averages (Section 1. 2. 3) for this period indicated that there were no signifi-
cant departures from normal weather conditions. It can be assumed, therefore,
that the results of this model application, when properly verified, are generally
applicable to the IJC Study Area. Furthermore, the results can be used with
confidence to determine the relative impact of various source categories on
specific receptors.
The available data indicated that the study area encompasses two meteoro-
logical regions, which necessitated two separate model applications for proper
consideration of the entire study area. The meteorological data used for the
Detroit - Windsor meteorological region was collected at the Detroit City
Airport,
Which has been shown to be a representative site for that region
4—8
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 (Station 421, Figure 1-5). Pasquill stability categories were determined from
Weather Bureau observations by means of techniques developed by Turner.
The meteorological data used with the Port Huron - Sarnia portion of the
study area were gathered at the Sarnia meteorological tower (Station 202,
Figure 1-5). Pasquill stability categories were determined from lapse rate
and wind speed data (Table 4-1). A frequency distribution of meteorological
conditions was determined for both levels of the tower at which measurements
was made. The altitude (height) used in the model to describe the transport
and dispersion from a particular source was determined by the height of that
specific source. For the Detroit - Windsor area, only surface data were
available for the full study period.
Table 4-1. STABILITY CLASS VERSUS TEMPERATURE LAPSE RATE AND WIND
SPEED AT SARNIA METEOROLOGICAL TONER




























































































aL2-Ll = temperature at ZOO-foot level minus temperature at 20-foot
level.
bStability class designations:


























































































































































































































































































































































































































































































401 12/67—11/68 110 71 153
402 12/67—11/68 100 111 195
403 12/67—11/68 199 96 192
404 12/67-11/68 103 136 200
406 12/67-11/68 197 152 297
407 12/67-11/68 92 136 234
409 12/67-11/68 176 103 163
411 12/67—11/68 108 85 159
412 12/67-11/68 214 69 93
414 12/67-11/68 203 127 226
415 12/67—11/68 108 115 172
416 12/67-11/68 117 85 116
417 12/67—11/68 104 73 91
418 12/67—11/68 110 78 77
419 12/67-11/68 91 92 135
422 12/67—11/68 110 105 214
423 12/67-11/68 92 71 90






427 12/67-11/68 82 46 56
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  4L
 analysis of estimated versus observed concentrations gave a correlation coef-
ficient of O. 83. The best-fit line through these data, found by the least squares
technique, was: observed data = O. 38 (model-estirnated data) + 40 (Figure 4-7).
The spatial distribution of observed and model—estimated particulate concentra-
tions in the Detroit — Windsor area are given respectively in Figures 4—8 and
4-9. The contour lines for the estimated values have been drawn for levels
equivalent to those of the observed levels; the best-fit equation was used to
determine this equivalence. The locations and areas encompassed by the various
concentration levels agree well. The only discrepancy is a rotation of the area
of highest concentrations slightly to the west of where the observed data indicated
it should be. The high correlation and the excellent agreement between the
spatial distribution of observed and estimated concentrations indicate that con-
siderable confidence can be placed in the use of the model for estimating
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Figure 4-7. Observed versus estimated partiCuIate concentrations for Detroit - Windsor area.
Continuous sulfur dioxide measurements were not sufficient to define
adequately the spatial distribution of annual average concentrations in the Detroit -
Windsor area. Data were available, however, from an extensive network of
Sulfation candles, which measure concentrations of sulfurous compounds as
mg SO3/100 cm2 -day. By comparing these data and all available 802 data for
the IJC Study Area (180 station-months), it was found that, on the average, a

























SUlfation rate of 1. O is equivalent to an average 802, concentration of 0. 022 ppm.












































































































of Z. 5 of the converted sulfation observations; only four deviate by more than
a factor of 3.
A regression analysis of estimated versus observed data gave a correlation
coefficient of O. 81. The best—fit line through these data, found by the least
squares techniques, was: observed data = 0. 29 (model-estimated data) + 0. 009
(Figure 4-10). The spatial distributions of $02 concentrations in the Detroit -
, Windsor Area are given respectively in Figures 4-11 and 4-12 for converted
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ESTIMATES FOR DETROIT — WINDSOR AREA
Arithmetic Arithmetic Mode1
Station Operating Number of mean, mean, estimate,
number period observations #3 S02/100cm2-day PPm Rpm
201 12/67—11/68 11 1.1 0.024 0.054
202 12/67-11/68 11 1.7 0.037 0.069
203 12/67—11/68 11 2.4 0.053 0.109
205 12/67-11/68 11 1.2 0.026 0.066
206 12/67-11/68 7 1.0 0.022 0.044
207 12/67—11/68 11 1.1 0.024 0.046
209 12/67-11/68 11 1.1 0.024 0.054
210 12/67-11/68 9 1.2 0.026 0.026
211 4/68-11/68 8 0.8 0.018 0.029
212 4/68—11/68 8 0.7 0.015 0.050
213 12/67-11/68 11 0.7 0.015 0.021
214 12/67-11/68 7 1.1 0 024 0.033
215 12/67-11/68 11 0.8 0.018 0.032
216 12/67-11/68 10 0.8 0.018 0.024
217 4/68—11/68 8 0.6 0.013 0.018
218 12/67-11/68 10 0.9 0.020 0.041
219 12/67—11/68 10 0.7 0.015 0.040
220 8/68-11/68 4 1.1 0.024 —b
400 6/68-11/68 6 1.6 0.035 0.076
401 12/67-11/68 11 1.0 0.022 0.058
402 12/67-11/68 11 1.2 0.027 0.079
403 12/67-11/68 10 1.4 0.031 0.080
404 12/67-11/68 11 1.7 0.037 0.084
406 12/67—11/68 11 2.1 0.046 0.106















































































aDerived from su1fation measurements.
bNo mode1 estimate was attempted.
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 0-05 I I I I I I I I
OBSERVED DATA = 0.29 (MODEL ESTIMATED DATA) + 0.009
  
n =37 4?
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Figure 4-10. Observed versus estimated 802 concentrations for Detroit - Windsor area.
The suspended-particulate concentrations estimated by the diffusion model
for the Port Huron-Sarnia River area are given in Table 4-4; a particle back-
ground level of 40 (.Lg/m3 was also used here. Of the 2.1 particulate estimates,
all were well within a factor of 2 of the observed data. The regression analysis
gave a correlation coefficient of 0. 82 and a best—fit line of: observed data =
0. 75 (model-estimated data) + 4 (Figure 4-13).
The spatial distribution of particulate concentrations for observed and the
model-estirnated data in the Port Huron — Sarnia area are given respectively in
Figures 4—14 and4-15. The size of the areas affected by observed concentrations
greater than 75 pig/m3 are greater than the model has estimated; however, the
relative distributions of particulate concentrations are quite similar.
The spatial distributions of observed and estimated 80; concentrations for
the Port Huron - Sarnia area (Figures 4-16 and 4-17), are similar, with the
exception of the southern portion of the area. Here the very high observed value
at Station 159 was not reflected in the model estimates (Figure 4-18). A power
plant and an industrial plant are close to this site and their impact may not have























tion measurements (Table 4-5) provides good agreement with the exception of
Station 159; two-thirds of the model estimates are within a factor of 2. 5 of the
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Tab1e 4—4. OBSERVED AVERAGE PARTICULATE CONCENTRATIONS VERSUS MODEL
ESTIMATES FOR PORT HURON — SARNIA AREA
Arithmetic Mode1
Station Number of mean, estimate,
number Operating period observations pg/m3 ug/m3
151 12/67—11/68 96 103 137
152 9/68—11/68 20 66 -a
153 3/68/11-68 84 68 71
154 12/67-11/68 95 119 109
155 4/68-11/68 79 101 114
156 3/68-11/68 83 64 77
158 12/67—11/68 95 92 117
159 3/68-11/68 87 69 82
160 12/67-11/68 96 70 95
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Figure 4-13. Observed versus estimated particulate concentrations for Port Huron - Sarnia area.
It should be noted that dispersion model estimates of concentrations never
directly entered the estimates reflected in PE and SE. Only the ratio of calcula-
tions for a given source category to calculations for all sources was used. For
this reason the estimates, PE and SE, can be treated as accurate well within a
factor of 2, assuming, of course, that the observed air quality data are reliable.
The estimated contributions of U. S. point and area scurces to the annual
average 802 concentrations in the Windsor, Ontario, area are shown in Figures
4-19 to 4-21. The pattern of U. S. contribution from point sources to the Canadian
SOZ pollution shown in Figure 4-20 reflects the industrial activity in the southern
portion of Detroit. United States point source contributions range from 0. 030 ppm













































from the U. S. sources reaches values as high as 0. 043 ppm (Station 203)—well



















































affecting Belle Isle and the Grosse Point area to the northeast.




Figure 4-14. Spatial distribution of measured particulate concentrations (pig/m3) for Port Huron-Sarnia
area.
The estimated contributions of U. S. area and point sources to the annual
average concentrations of particulates in the Windsor area are shown in Figures
4-25 to 4-27. It appears from these patterns that U. S. sources contribute at
least the equivalent of the entire annual average particulate concentration loadings
allowed under Ontario regulations (60 ug/m3) for a large portion of the Windsor
area.
For some regions, particulate pollution from the U. S. may exceed the
Ontario regulations by more than 50 percent.
The U. S. point sources produce
large maximum particulate concentrations on an annual average basis, but the
area affected is small and the gradient away from the area of maximum is large.
In general, although different regions are affected the areas enclosed by lines of
equal concentration, for values less than 50 rig/m , are approximately the same
for point area sources.
The
portion of the Detroit area affected by Canadian area and point
sources
of particulates are Belle Isle and the mainland area in the immediate vicinity.
As
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Figure 4—16. Spatial distribution of measured 802 concentrations (ppm) for Port Huron-Sarnia area.
Over the industrial area south of Sarnia, Ontario, U.S. point and area sources
are estimated to contribute,
on an annual average basis, more than 35 gig/m3
of
suspended particulates.
The patterns of the U. S.
contributions from point and
area sources are shown in Figures 4-37 to 4-39.
In general, throughout the region
north of Sarnia,
Ontario,
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Figure 4-17- Spatial distribution of eStimated 302 concentrations (ppm) for Port Huron-Sarnia area.
Detroit and St. Clair Rivers. On the basis of these measurements and concurrent
meteorological data, estimates were made of the amount of each of these pollu—
tants flowing from one country to another. Results of quantitative estimates of
transboundary transport from pollutant measurements made above the Detroit
River on May 22, 1968, and above the St. Clair River on May 24, 1968, are given
in Table 4-6. Figure 4-43 shows the flight paths and identifies the segments of
the border used in the computations; Figures 4-44 through 4—47 show the actual
pollutant measurements made at successive levels above the boundary. An
instrument—equipped Cessna 336 aircraft operated under contract by Washington
State University2 was used to obtain the measurements. Measured concentrations
Of 502 and concentrations of particulate matter approximated from a relation-
ship3 to the measured light scatter coefficient values were used to compute


















Detroit area into Canada. On the 24th, however, an easterly component of the
Wind carried the pollutants from Canada to the U. S.
The flux of pollutants indicated by the values in Table 4—6 appears consistent
With the known sources in the Detroit and Sarnia areas except in the case of the











OBSERVED DATA: 0.23 (MODEL ESTIMATED DATA) + 0.009























































































0 I I l l I l 1 1 1
0 0.01 0.02 0.03 0.04 0.05 0.06 0.07 0.08 0.09 0.10
E ST | MAT E D CONCE NT R AT IONS, ppm
Figure 4—18. Observed versus estimated $02 concentrations for Port Huron - Sarnia area.
particulate transport across the St. Clair River (May 24). The ﬂux of 14 x 103
g/sec, more than three times as large as the flux across the Detroit River,
resulted from a combination of a relatively high background concentration of
particulates in the air mass over the region and a high wind speed that transported
large volumes of air per unit time.
These measurements illustrate that transboundary flow of pollutants can
occur in sizeable quantities from either country to the other, depending on the
wind direction. Also, the actual amount of pollution transported is a result,
not only of the local sources, but of background concentrations as well, particu-
larly in the case of suspended particulates.
4.4 CASE STUDIES OF MEASURED HIGH PDLLUTANT CMCENTRATIDNS
For the purpose of proving the occurrence of transboundary ﬂow of pollu-
tion, an analysis was made of the wind directions which accompanied 802 and high
values of the soiling index at Stations 310, 156, 203, and 404.
The stations
selected for this analysis, two on the Canadian side and two on the U. S. side
of the boundary, are at locations Where meteorological data could readily indicate























exceeded 2. O Coh/l, 000 lineal feet.
Average SOz concentrations greater than 0. 3






























the particulate loading as obtained by a high-volume sampler differs from place to
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Tab1e 4—5. OBSERVED AVERAGE $02 CONCENTRATIONSa VERSUS MODEL ESTIMATES
FOR PORT HURON - SARNIA AREA
Arithmetic Arithmetic Mode1
Station Operating Number of mean, mean, estimate,
number period observations mg 503/100cm2-day ppm ppm
151 12/67-11/68 11 1.6 0.035 0.100
152 12/67-11/68 5 1.4 0.031 —b
153 12/67—11—68 11 0.6 0.013 0.021
154 12/67-11/68 11 1.0 0.022 0.054
155 12/67-11/68 11 1.3 0.029 0.098
156 12/67-11/68 11 1.1 0.024 0.038
157 12/67-11/68 11 1.0 0.022 0.069
158 12/67-11/68 11 1.0 0.022 0.077
0 159 12/67-11/68 11 1.9 0.042 0.043
160 12/67—11/68 11 1.2 0.026 0.050
161 12/67-11/68 11 1.1 0.024 0.068
162 12/67-11/68 11 0.8 0.018 0.040
163 3/68-11/68 8 0.4 0.009 0.040
164 3/68-11/68 8 0.4 0.009 0.028
1 165 3/68-11/68 8 0.5 0.011 0.023
166 3/68-11/68 8 0.6 0.013 0.022
167 3/68—11/68 8 0.6 0.013 0.027
170 4/68-11/68 3 0.9 0.020 -b
303 12/67-11/68 11 1.2 0.026 0.071
307 12/67-11/68 11 0.7 0.015 0.048
308 12/67-11/68 11 1.0 0.022 0.050
310 12/67-11/68 11 1.4 0.031 0.083
311 12/67-11/68 11 0.9 0.020 0.050
312 12/67-11/68 11 1.1 0.024 0.060
313 12/67—11/68 11 0.8 0.018 0.028
314 12/67-11/68 11 0.9 0.020 0.035
315 12/67-11/68 11 0.7 0.022 0.025
316 12/67-11/68 11 0.8 0.020 0.027
317 12/67—11/68 11 0.6 0.013 0.023
318 12/67-11/68 10 0.6 0.013 0.022
319 12/67-11/68 10 0.6 0.013 0.023
aDerived from su1fation measurements.
bNo mode1 estimate was attempted.
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Figure 4-20. Estimated contribution of U. 8. point sources to annual average concentrations of 802
(Ppm) in the Windsor area.
Table 4-7 gives the number of hours that winds we re reported in the indicated
direction during periods of high concentrations of $02 or high levels of the soiling
index.
4.4.1 Case No. 1
Station 310 in Port Huron, Michigan, reported 2-hour average soiling indices







    



















Figure 4—21. Estimated contribution of U. S. area sources to annual average concentrations of 802
(ppm) in Windsor area.
to 200 degrees, the predominance of higher values occurring during a wind direc-
tion of 160 degrees. Winds from this direction would transport pollution from
Canadian sources south of Sarnia across the boundary to the station in Port Huron-
4.4.2 Case No. 2
Station 156 located in Ontario, south of Sarnia, reported hourly average
concentrations of $02 exceeding 0. 3 ppm most frequently when the winds were
4-28
























(ppm) in Detroit area.





























































































 Figure 4-23. Estimated contribution of Canadian point sources to annual average concentrations
of 302 (ppm) in Detroit area.
4.4.3 Case No. 3
Station 203 in Windsor, Ontario, reported soiling indices exceeding 2. 0 COM
1,900 lineal feet most frequently when the wind was from the westerly direction,
260 to 280 degrees. This Wind direction would carry pollutants to this station
across the boundary from sources in Detroit.
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 Figure 4-24. Estimated contribution of Canadian area sources to annual average concentration of
802 (ppm) in Detroit area.





















most frequently when winds were from the direction of 200 to 220 degrees. The
most likely SOurces of this pollutant, with winds in these directions, are on the
U. S. side of the boundary. Pollutants would cross into Canada, passing over a
portion of Winds or, and then would cross the boundary again to reach Station 404
Y








Figure 4-25. Estimated contribution of U. 8. sources to annual average concentrations of particles
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Figure 4-26. Estimated contribution of U. S. point sources to annual average concentrations of
particles (pg/m3) in Windsor area.
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 Figure 4-27. Estimated contribution of U. S. area sources to annual average concentrations of
particles (pg/m3) in Windsor Area.














Figure 4-28. Estimated contribution of Canadian sources to annual average concentrations of
particles (pg/m3) in Detroit area.







uai average concentrations of
-29.
Estimated contribution of Canadian point sources to arm
particles (pg/m3) in Detroit area.
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Figure 4-30. Estimated contribution of Canadian area sources to annual average concentrations of
particles (pg/m3) in Detroit area.
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Figure 4-31. Estimated contribution of U. 8. sources to annual average concentration of 802 (ppm) in
Sarnia area.



















































(ppm) in Sarnia area.









































































in Fbrt Huron area.
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Figure 4-37.
Estimated contribution of U. S. sourc































Figure 4-38. Estimated contribution of U. S. point sources to annual average concentrations of
particles (pg/m3) in Sarnia area.
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Estimated 4-39. Estimated contribution of U. 8. area sources to annual average concentrations of
particles (ug—m3) in Sarnia area.







































Figure 4-40. Estimated contribution of Canadian sources to annual average concentrations of































of particles (pg/m3) in Port Huron area.
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Figure 4-42. Estimated contribution of Canadian area sources to annual average concentrations
of particles (pg/m3) in Port Huron area.
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Figure 4-43.
Aerial sampling along International border, May 22-24, 1968_
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Figure 4-45. Sulfur dioxide aerial sampling traverses at various levels (Case No. I -
May 22, 1968); Surface: 585 feet (MSL).
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Figure 4-46. Suspended particulate aerial sampling traverses at various levels
(Case No. 2 - May 24,1968); Surface: 585 feet (MSL).
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Sulfur dioxide aerial sampling traverses
at various
levels (Case No. 2 -




















A Z FLIGHT FAT ‘73,, a,— HEIGHT










A Z FLIGHT PATH T,» —-""













N :WAZEUX SIN D
N, g/sec
:
total amount of material moving through a vertical
cross-section per unit time
W, meters : width of the cross-section
AZ, meters : height of the interval used to calculate the flux
through the vertical layers up to the extimated
mixing height
0, meters/sec : mean wind speed for the layer
x, g/sec = mean concentration for the layer
D, degrees = angle between flight path line and the wind direction for the layer
Mixing height estimated from temperature measurements during vertical spiral ascents of the aircraft.
Figure 4-48. Method of computing mass transport. Schematic cross-section example for
Detroit River.






Tab1e 4-6. FLUX OF POLLUTANTS CROSSING INTERNATIONAL
BOUNDARY ON MAY 22 AND 24, I968
(g/sec)
Date and Suspended
traverse intervaI 302 particulate
May 22 - U. S. to Canada
CI to GINASa 2.502 x 103 0.326 x 103
GINAS to GI 1.872 1.090




Sum CI to PI
11.542 x 103
4.203 x 103






















































viations are as foIIows:
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NUMBER OF OCCURRENCES FOR INDICATED WIND DIRECTIONS OF SOILING INDICES EXCEEDING
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as the basis of its enforcement program.
In addition,
iron foundries and asphalt mixing plants are covered by specific regulations,
as are automobiles.
Ontario has established a series















are expected to be compatible with those established in Ontario.
The agencies involved must apply remedial action; this is being done and will
be continued.
The present approach involves a continuing program of (1) air moni—
toring, (2) source sampling, (3) emission inventory evaluation, (4) meteorological
Observations, and (5) compliance activities.
These items are all essential parts of the control programs being implement-
Ed, all of which are being enforced on the basis of measured air quality coupled
With up-to—date source information.
All sources, particularly coal-burning power-generating facilities and oil
refineries,
are included in the current control program activities of the agencies
involved.
In View of the ambient air quality standards, the attainment of reduced




 the United States will probably require either the use of lower—sulfur-content fuel
or the desulfurization of flue gases. The approach will be specific and will be
applied on a progressive basis, as is dictated by air quality measurements and
air quality needs.
At the same time, an emergency or alert program is being developed to
enable immediate control action in the event of a stagnation episode. Although
stagnation episodes are more significant in areas characterized by occasional or
frequent inversions of durations in excess of 24 hours, and are not likely to occur
in the study area, preparations will be made to cope with such problems on an
emergency basis, should they occur.
A description of the control programs applied in the United States and Canada
follows.
5.2 ONTARIO AIR POLLUTION CONTROL PRIBRAM
The control of air pollution became the total responsibility of the Province of
Ontario with the passing of the Air Pollution Control Act in 1967. The Act became
effective by phases in various areas of the Province starting January 2, 1968.
Prior to that time, control was a municipal responsibility.
5. 2. 1 Air Pollution Control Act of 1967
The salient features of the Act are as follows:
1.
Authority to control new stationary sources of air pollution by requiring

















to control and regulate all sources
































































































































































































































































































































































































































5.2. 3 Control Requirements
Smoke control enforcement is based on visual comparison with a smoke
density chart.
Number 2 density (40 percent black) is permitted for not more than
4 minutes in a half-hour period.
When a new fire is started, Number 3 density
(60 percent black) is permitted for 3 minutes in a 15—minute period.
At all other
times the smoke density must not be greater than 1 (20 percent black). In cases
of equipment failure, permission may be granted to exceed the limitations.
For contaminants other than smoke ,inission limits are stated in terms of
the one —ha1f—hour concentration at the point of impingement.
The point of impin-
gement can be the face of a building or at the ground level.
The contaminants for
which these design standards have been set appear in Table 5-1.
Although it could be inferred that the design standard approach will permit
unlimited use of tall stacks for dispersion, this is not the case in practice since
dispersion is only permitted when no practical means exists forremoving the
Pollutant at the source. In other words, dispersion is considered an interim
measure only.
In addition to the general regulation, specific regulations have been promul-
gated for ferrous foundries, asphalt mixing plants, and automotive emissions.
All new sources must obtain a Certificate of Approval prior to construction.
When it is dealing with existing sources of air pollution, the control agency
is required by legislation to conduct an emission survey and give a written report
  
   
Table 5-1. STANDARDS FOR EMITTED CONTAMINANTS
Concentration




























































































































































































































    
to the owner.
















































































































































































































































































































































































































































































































































































































to comply with the Order
can result in
summary action.
5.3 MICHIGAN AIR POLLUTIRI CONTROL PROGRAM
5. 3.1 Legal Basis
The Air Pollution Control Section of the Michigan Department of Public
Health is charged With the responsibility of conserving Michigan's air resources.
The philosophy of the program is the control of all existing sources of air pollution
and the prevention of new sources of air pollution in a reasonable but firm manner.
This philosophy is incorporated in the Air Pollution Control Act 348, passed in
1965, and in the Rules and Regulations that were subsequently adopted under the
provisions of the Act in August 1967.
Two companion laws enactedin 1965 serve to assist in air pollution control.
One is the Tax Exemption Act 250, which provides for the exemption from locally
assessed taxes of equipment installed primarily for the purpose of controlling air
pollution. The other is the Solid Waste Disposal Act 87, which has resulted in

















The air pollution control Rules and Regulations include the following main
divisions:
1. Definitions.
Air-use approval; permit system; and installation and operation.
3. Emission limitations and prohibitions.
a. Standards of density — Ringelmann Chart.
b. Open burning - general and salvage.
c. Limits on particulate matter.









(2) Table 2 -Process weight.
Table for sources not specifically named.
d. Air contaminant or water vapor — prohibitions.
4. Testing and sampling.
5. Air cleaning devices and collected contaminants.
One of the most important provisions of Act 348 pertains to the establishment
of an Air Pollution Control Commission. The Commission, which meets monthly,
has effectively supported the goals and objectives of the Air Pollution Control
Section.
Michigan's air pollution control program activities, comprehensive in scope,
have accomplished mush in a relatively few years. Program activities are dis—
cussed in the next section.
5. 3. 2 Organization
The organizational structure of the state's air pollution control agency is
illustrated in Figure 5—1.
5. 3. 3 Activities
5. 3. 3. 1 Plant Visits - Early in the program it was recognized that certain
categories of industries were more important polluters than others and would
require a greater control effort. Accordingly, the utility and industrial coal-
burning facilities, cement plants, asphalt-paving plants, grey-iron foundries, and
pulp and paper—making facilities, among others,
were identified, grouped,
and
assigned to specific personnel in an effort to bring about compliance with the Rules
and Regulations.
In addition, all other potential or actual sources of air pollution
are evaluated on a planned program basis.
Many
















plexity of the control system required and the costs involved.
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conducted, either because the community has requested them or because special pro-
blems exist and require evaluation. Such studies usually involve the setting up of
a network of air—sampling stations in a community in order to ascertain levels of
pollution, to identify contaminants, and to correlate air pollution with such factors
as meteorology, topography, and land—use patterns. A mobile air—sampling net-
work that is supported by a data acquisition system is used as an adjunct to con-
ventional techniques, which are based on the 30-day sulfation rate sampler and the
high-volume air sampler.
5. 3. 3. 6 Emission Inventories — The emission inventory is essentially a cataloging
of all sources of air pollution by types and amounts of contaminants released to the
atmosphere within a given geographical area. A variety of data-gathering techni-
ques are used, ranging from door-to-door visits to the mailed questionnaire.
Typically the objective is to evaluate sources of air pollution such as manufacturing
and service, fuel—burning stationary sources, incineration and refuse burning, and
motor vehicle emissions.
An emission inventory is quite useful if the data are kept current to demon-
strate year-by—year improvements resulting from the control agency's efforts. In
addition, the inventory serves as data input for disperSion models, Evaluations of










of improvement in conjunction with knowledge of control programs being imple-
mented in industry.
5. 3. 3. 7 Permit System - The air-use permit system is utilized to ascertain con-
trol activities in industry and to establish effective liaison between industry and the
control agency staff. The permit system not only provides information on control
techniques that are being planned but also gives the staff the opportunity to advise
industry on whether the chosen approach toward control of the problem is reasonable
and has a good chance of success.
When it is known that a control plan cannot
work, a change can be brought about through denial of an installation or opera-
tion permit.
5. 3. 3. 8 Tax Exemption - Tax exemption applications are submitted to the Tax
Commissioner's office, which in turn refers them to the Air Pollution Control
Section for review.
Most air pollution control installations are covered by such
applications and the information is invaluable in gauging the extent of the work
being done in air pollution control.
The opportunity to review such applications
also enables the staff to determine whether applications for permits to install
systems have been submitted and, if not, to ask that this be done.
5. 3. 3. 9 Mobile Air-Sampling Network - The mobile air-sampling network consists
at the present time of one central and three satellite trailers, all containing data-
retrieval systems and capable of being interconnected by telephone lines. They are
used not only for general community studies, where the total system can be utilized,
but also for special problem area studies where one, two, or three trailers may
be used. The use of only part of the system is particularly suitable for determining
levels of pollutants generated by one or more plants in a limited area in a com- '
munity. At the present time, for example, two trailers with automatic air—sam-
pling equipment are deployed to determine the amount of sulfur dioxide emitted
from a power plant. This approach is also suitable for correlating contaminant
concentrations and meteorological conditions. A similar approach can be used to
evaluate the intrastate and interstate transport of air pollutants.
Stack—gas dispersion models have already been developed through the utili-
zation of a computer program and predictions of ground-level concentrations of
Sulfur dioxide have been made for many localities in Michigan. Sampling systems
are now being used to compare predicted levels of sulfur dioxide with actual levels
at given locations.
5. 3. 3. 10 Basic Air-Sampling Network — The air-sampling network that utilizes
equipment such as high-volume air samplers and lead peroxide plates is now being
Operated in 17 cities and will be enlarged to include other areas. The air-sampling
techniques are relatively simple, imposing a minimum time requirement on person-
nel, but the amount of laboratory analyses required is formidable and is an
important consideration in the deployment of sampling equipment. Nevertheless,
network data permit the comparison of pollution levels in different cities in Michi-




































Control Agency Activities 5-9
 5. 3. 4. l. 1 Identification of sources. One objective is the identification of
all sources of air pollution in Michigan and development of programs for control
of these sources. Identification is accomplished, by planned visits in response to
complaints or on a self-initiated basis, through a systematic approach to different
categories of industries, such as foundries, asphalt plants, coal-burning opera—
tions, cement plants, paper plants, and chemical manufacturers. When air pollu-
tion problems are encountered, discussions are held with the management about
control. Commitments that delineate the type of control procedures to be applied
on a scheduled basis are required of polluters. Wherever possible, assistance is
given to those industries that need technical help and an effort is made to keep
management informed of up-to-date control technology.
5. 3. 4. l. 2 Determination of ambient levels of contaminants. A program has
been established to determine ambient levels of certain contaminants in Michigan's
communities. Four mobile air—sampling trailers are equipped with continuous—
air-sampling devices and are being deployed in different cities for 2- to 3-week
periods during each seas on of the year. The air is sampled for sulfur dioxide,
oxides of nitrogen, carbon monoxide, and hydrocarbons; meteorological measure-
ments are also made. The sampling program is to be extended to include measure-
ments of other contaminants for which ambient air quality criteria will be adopted
by the Federal government. The sampling data obtained permit assessment of the
need for additional, more extensive sampling and stricter air pollution control in
the communities involved. The data are also indicative, to some extent, of com-
pliance with ambient air quality standards that are established.
5. 3.4.1. 3 Control of source categories.
Control of certain categories of
sources is accomplished through a deliberately planned program.
Included among
those categories of industries known to be serious potential sources of air pollution
are the grey—iron foundries, the industrial and utility coal-burning power plants,
asphalt-paving plants, cement plants, paper plants, several chemicalmanufacturers,
and junk car burners.
The program dealing with specific sources has resulted in
improved control or in commitments for control that are to be achieved within the
next few years.
Michigan's air pollution control program are based to a large extent on the need to
effect a significant reduction in air pollution levels despite anticipated increases
in industrial activity and population.






































































































Control Agency Activities 5-H
_
leaves,
and other unsatisfactory domestic procedures.
7. Development of a data bank covering all controlled installations in Michi-
gan.
This will serve not only as an indication of what has been done and
what is being done, but also as an important source of information on
control technology.
8. Development of knowledge pertaining to total use of the environment and the
the effects on the environment from air pollution.
This includes the
development of up-to—date information on land use, highway construction,
demographic planning, transportation systems, industrial development,
fuel use, and the extent of transport of air pollution from neighboring
states and from Canada.
9. Participation in a motor vehicle testing program in conjunction with the
program utilized by the Federal government.
5.4 WAYNE COUNTY AIR POLLUTION CONTROL PROGRAM
5. 4.1 Legal Basis
The Air Pollution Control Division of the Wayne County Department of
Health was officially established in December of 1965 In December 1968, the
Wayne County Board of Supervisors approved the transfer of the air pollution
control program of the City of Detroit to the Wayne County Department of Health
under provisions of Michigan State law.
By virtue of the State's enabling legislation, the Wayne County Board of
Health adopted and promulgated the Wayne County Air Pollution Control Regulation
with countywide jurisdiction involving 43 separate governmental entities in the
County's 622 square miles.
Generally, the county regulations provide the Division with the legal authority
to prevent, abate, and control air pollutants from all sources, existing and poten-
tial, within the County.
The Division is accomplishing this task through two basic methods:
(1) Improvement of the quality of the air by correcting existing sources
of pollution.
(2) Prevention of further deterioration of the environment by exercising
approving authority over municipal, commercial, industrial, and resi-
dential activities, including permits for various types of control devices.
5.4.2 Organization
At full strength, the ‘Wayne County air pollution control staff will number
approximately 86 people assigned to three main operating sections: Enforcement,
Engineering, and Technical Services. Other supporting sections, equally import-
ant to the success of the Division's operations, are: Administrative Services,
Legal, and Public Information sections.
The Enforcement Section, consisting of engineers and combustion-equipment
inspectors is responsible for enforcing the County‘s air pollution control regula-
tions through: (1) self—initiated surveillance of emission sources, (2) periodic
inspection of process and fuel-burning equipment and their control devices, and












































































































































































































































































































































posed installation or alteration of fuel-burning equipment or industrial process
equipment that will be needed to bring those sources into compliance.
An installation permit is issued by the Engineering staff when they have
determined that the proposed equipment will permit compliance with the Regulations.
A final Certificate of Operation is awarded only when the completed installation
has been demonstrated to operate in compliance with the emissions limitations in
the Regulations. The operation is subject to an annual review and re-certification,
and the certificate may be revoked at any time if emissions are not in continuing
compliance with the regulations.
Another major task the Engineering Section performs is a County-wide
inventory of all sources of air pollution, including the various types and strengths
of emissions from each source Information from the public utilities is used to
further identify the smaller sources. The inventory is being conducted in square-
mile grids with all sources and streets listed for further correlation with field
inspection reports.
The third major activity of the Engineering Section consists of special studies
and issuance of guidelines of good practice. The Engineers prepare studies and
reports concerning new equipment, control devices, and processes planned for
the future. The reports are considered vital in keeping the Division abreast of the
science and technology of air pollution control. This new information is also used
to prepare recommendations to the Enforcement and Technical Services sections
to offer guidelines of good practice for various types of processes and equipment
that will aid and assist plant engineers, managers and owners, as well as other
government agencies concerned with pollution control.
The Technical Services Section is composed of engineers, chemists, and
technicians who are responsible for stack-sampling tests, source-monitoring
studies and operation and maintenance of the Division's vast assortment of station-
ary and mobile air-monitoring equipment.
5-12 JOINT AIR POLLUTION STUDY









Typical examples of the Technical Services activities are: (1) monitoring of
air quality in the vicinity of a major pollution source before and after installation
of control equipment; (2) measuring pollution levels along expressways and busy
surface streets; and (3) determining the chemical and mineral composition of
dustfall and suspended particulates in various communities in the County.
The section is installing an advanced and sophisticated automatic, tele-
metered l3-station air monitoring network. These stations will continuously
report levels of carbon monoxide, sulfur dioxide, hydrocarbons, nitrogen diOXide,
total oxidants, and suspended particulates. Some stations will also report wind
speed and wind direction.
The Administrative Services Section performs many of the normal supportive
office functions such as clerical services, accounting and payroll, personnel
services, employment, purchasing and invoicing. In addition, the Section performs
collateral tasks such as internal-external communication, planning and scheduling,
providing statistical information, systemizing office routines, and eliminating
superfluous paperwork and activities.
The Public Information office informs the public of the various functions and
activities of the Division and its personnel. This communication is accomplished
through mass media - newspapers, radio, television, and magazines - with feature
articles and news stories. Feature articles deal with the daily business of the
Division and are prepared in such a manner that the media can use the material
at any time. Current news stories, because of their timely nature, are prepared
for immediate news coverage, and include items such as court actions, possible
emergency situations, or announcements of new control programs. The office also
prepares general information pamphlets describing air pollution, and its sources,
effects, and control problems. The pamphlets are sent out singly or in quantity as
they are requested. They are also used in connection with speaking engagements
related to educational programs in schools.
A summary of Wayne County control agency operations is given in Table 5-2.
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Plant Planned control measures tons/yr
Conners Creek L.P. Supplementary gas and new mechanical collectors 10,500
Trenton Channel L.P. Supplementary gas 2,000
Trenton Channel H.P. Upgrade electrostatic precipitators (ESP‘s) to l,l70
99.6%
Pennsalt Add ESP's of 99.6% 3,200
Nyandotte, North Convert underfeed stokers and one pulverized 9,780
unit to gas
Nyandotte, North Add ESP's of 99.6% to pulverized units 4,635
Beacon St., Heating Add mechanical collectors 2,200
Plant
Wyandotte Municipal Convert to gas turbine 534














































































6. Z. 2 Sulfur Dioxide Emissions
Sulfur dioxide emitted from power plants in the Detroit —- Port Huron area
comprises 72 percent of the total sulfur dioxide emissions, 571, 000 tons per year.
Sulfur dioxide emissions can be reduced by two general methods: (1) use of
low-sulfur fuels, and (2) flue-gas desulfurization. 2 Possible low-sulfur fuels
include natural gas, distillate oil, residual oil, and coal. Several flue-gas desul-
furization methods have possible applicability.
Natural gas, as used, is always very low in sulfur. Where it is available in
adequate quantities, it is used as power plant fuel. A few plants in the study area
























































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































     
aData from Federa1 Power Commission Air Qua1ity Contro1 Questionnaire for 1967.
The National Air, Pollution Control Administration has funded several studies
on feasibility of removing pyritic sulfur from coal. These studies have pointed up
a lack of sufficient data on sulfur distribution and characteristics in a given coal
seam, "the washability of a given coal seam, and the capabilities of present
cleaning operations. The United States National Air Pollution Control Administra—
tion (NAPCA) is currently funding research programs to determine: (1) efficiency
and applicability of available coal-cleaning methods for pyrite separation; (2) avail-
able sources of high-sulfur coals capable of being desulfurized; and (3) costs and
technical limitations of proven technology for converting the refuse from coal
cleaning into useful products.
Although the use of low-sulfur fuels is a possible solution to the reduction in
sulfur dioxide emissions, such fuels are in extremely short supply and it is
doubtful if a continuing supply could be obtained that would meet the total demand of
all the power plants in the study area.
As an interim measure, it may be possible to utilize low-sulfur fuels during
periods of adverse meteorological conditions.
Because of the short supply of all power plant fuels, costs have been increas-
ing almost daily and it is not possible, therefore, to predict with any degree of
































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































From Table 6-5, it can be seen that, of the fuels consumed, coal is the


















Many of the larger industrial or commercial boilers have multiple cyclone
Collectors for reducing particulate emissions.
Only a few of the largest units are
equipped with electrostatic precipitators.




 emissions from this category of sources, the use of electrostatic precipitators
should be extended.
Multiple cyclone collectors consist of small-diameter cyclones installed in
parallel in an integral housing.
Nine-inch diameter cyclones are widely used.
Units can be assembled to control any sized boiler.
Collection efficiency for fly-
ash ranges from 75 to 90 percent.
Electrostatic precipitators for large boilers are custom-designed and field—
assembled.
Until recently their use has been restricted to large boilers but
packaged, factory-assembled units are now available in sizes to control medium-
sized industrial and commercial boilers. Consequently, highly efficient collectors
are available at moderate cost for all but the smallest boilers.
The collection
efficiency of electrostatic precipitators ranges from 95 to better than 99 percent.
In the practical application of control equipment to satisfy the restrictive
emission requirements in use in the study area, it has been found acceptable to
use multiclone collectors for non-pulverized coal boiler systems.
Pulverized coal
boilers require the application of electrostatic precipitators.
The larger stoker-
fired systems in the range of 300, 000 pounds of steam per hour or greater justify





















































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































       
aSS = Spreader stoker; UF = underfeed; P = pu1verized, and 05 = other stoker.
bCyc1one.

























































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































   
6. 5. 1 Steel Mills
6. 5. 1. 1 Principal Sources of Emissions - Principal sources of emissions from
steel mills are: blast furnaces, basic oxygen furnaces, open hearth furnaces,
sintering plants, coke ovens, and scarfing machines. Some of these operations
are well controlled, others are partly controlled, and some are uncontrolled.
6. 5. 1.1. l Blast furnaces. Blast furnaces arecontrolled by high—energy
scrubbers or electrostatic precipitators. Since the carbon monoxide in blast—
furnace gas makes it valuable as a fuel, the degree of control—because control is
economical—is always good.
6. 5. l. l. 2 Basic oxygen furnaces. Basic oxygen furnaces emit voluminous
quantities of iron oxide fume. All such furnaces in the United States have been
provided with control systems containing high-energy scrubbers or electrostatic
precipitators. Many of these systems have achieved efficiencies of 99 percent.
6. 5. 1.1. 3 Open hearth furnaces. Open hearth furnaces were operated
mainly without controls in the years prior to the introduction of the oxygen-lancing
technique. Oxygen lancing produces such copious emissions that controls have been
required in most areas where this technique is practiced. Electrostatic precipita-
tors, baghouses, and venturi scrubbers have provided successful control systems
for these operations .
6. 5. l. l. 4 Sintering plants. Sintering plants process ore fines and collected
iron oxide dust to produce clinkers or agglomerates that can be charged to a blast
furnace. Cyclones and medium-efficiency scrubbers provide a moderate degree of
control, but high-energy scrubbers or electrostatic precipitators are required to
provide truly adequate control.
6. 5. l. l. 5 Scarfing machines. Scarfing machines contain oxy-acetylene
torches that burn off the oxide coating from billets and slabs prior to their entry
into rolling machines.
Copious emissions of iron oxide fumes are produced.
Adequate hooding and exhaust ventilation and a high-efficiency collector such as an
electrostatic precipitator or venturi scrubber are required to control these emis-
5 ions adequately.
6. 5. l. l. 6 Coke ovens.
Coke ovens emit visible smoke and particulate
matter during the following operations:
charging of coal into the ovens, leakage
during carbonization, and discharge of coke from the ovens. Improvements in both





is the installation of steam-jet
aspirators in the gas-collecting elbows to aspirate gases from the interior of the
oven during charging.
Some smoke may still escape from the opposite end due to
the distance the gases must travel.









































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































 Table 6-9. MCCLOUTH STEEL PARTICULATE EMISSIONS
      
Present controls Good control Possible
Efficiency, Emissions, efficiency, reduction,
Operation Type z tons/yr % tons/yr
Blast furnace ESPa 99.8 300 99.5 0
Basic oxygen furnaces Scrubber 84 4,750 99 4,450
Electric furnaces Scrubber 49 505 99 495
Sintering plant ESP 98 550 99 275













Table 6—10. FORD STEEL PARTICULATE EMISSIONS
Present controls Good control Possible
Efficiency, Emissions, efficiency, reduction,
Operation Type % tons/yr % tons/yr
Blast furnace ESP 99.5 600 99.5 0
















     











Sources of particulate emissions in the production of cement are:
crushing,
grinding, and blending of raw materials; clinker production; and finish grinding and
packaging.
The amount of dust produced during crushing depends on the moisture
content of the raw materials.
The dust produced by crushing and conveying the
raw material is usually collected by centrifugal collectors or cloth filters.
If the
grinding and blending are done by the wet process,
then there are no emissions
from these steps.
Dry grinding and blending, however, does produce dust.
This
dust is usually entrained in a closed system and collected on a cloth filter.
Clinker
production includes both kiln burning and clinker cooling and is the largest source
of pollutants.
The
















































































































































































































































































































































































































































































































































































































     

















































































6. 5. 4 Fertilizer Plants





It contains a 1, 000ston-per—day anhydrous
ammonia plant, and satellite plants for the production of nitric acid, ammonium
nitrate, nitrogen solutions, urea, phosphoric acid, and ammonium phosphates.
Residual oil, Bunker No. 6, is used as fuel in the boiler house.
Because the
boiler stacks are relatively low (75 feet), 802 emissions exceed the permissible
limit.
Use of lower-sulfur-content fuel or higher stacks would reduce the ground-
level concentration to below 0. 3 ppm 802.
There are also particles emitted from three plant stacks discharging ammo-
nium nitrate and ammonium phosphate. Ammonium nitrate is very soluble and
Can be removed by a wet scrubber. Ammonium phosphate is recovered by a
Control Technology
5-15






















































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































(which utilize the carbon monoxide as fuel to























































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































    












































Pump glands, sampling points, and other sources of emissions are now









6. 5. 8. 2. 3
Carbon black production.
The Cabot Carbon Company produces
























































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































 Surface coating operations that are point sources, such as painting and Wire
enameling, are listed in Table 6-17. Under Rule 66, all bake ovens must be con-
trolled even if the solvent used is exempt. Afterburners are usually used to
control bake-oven emissions. Because the oven emissions are at an elevated temp-
erature, less heat from the afterburner is needed for complete combustion. Normal
painting and drying operations require control for non-exempt solvents. These
emissions are at a lower temperature and are more feasibly controlled by solvent
reformulation. Activated carbon units could be used to control surface coating
emissions. These units, however, are usually not considered economically feasible,





Chrysler Corporation (10 plants)
General Motors, Fisher Body — Fleetwood





St. Clair Rubber Company
Dana Corporation
Cadillac Motor Car Company
R. C. Mahon Company

























































































































































































Calvert Transer and 128
storage of alcohol
Ethyl Process 486
E. I. DuPont Process 2,800
Fiberglas Process 85
Dow Chemical Process 11,466
Polymer Process 14,075




All new motor vehicles sold in Michigan and Ontario are required by law to
meet certain emission standards for carbon monoxide and hydrocarbons. Indica-
tions are that additional reductions will be required in these emissions as well as
oxides of nitrogen emissions.
Furthermore, it appears that controls for pre—l968 and -1969 model vehicles
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illustrated in Figure 7—1.












with all point source
emissions
reduced to






sites considered by the model
showed average annual concentrations of 65 ug/m3 or more.
Twenty-three sites
showed concentrations of 75 ug/m3 or more; 13 had concentrations of 90 rig/1113
or more; and 7 had concentrations of 100 ug/m3.
These concentrations indicate
that greater control is required than that afforded by Regulation A.
Table 7-1 shows the relative contributions of these sources to the pollution
at each receptor site.
The large contribution from area sources to the pollution
at each receptor site makes obvious the need for control of the many small sources
that individually do not emit sufficient particles to be considered point sources.
Based on projections made by the U. S, Bureau of Mines, Sartorius and Com-
pany, and Texas Eastern Transmission Corporation, a 45-percent reduction in
coal usage for residential, commercial, and governmental heating can be antici-
pated witha corresponding increase in the use of distillate oil and natural gas.
This reduction in emissions, coupled with a ban on open burning, would produce a





























































PROCESS WEIGHT RATE, Ibhr
I I I I
I i I l
100 ml Io2 I03 I04 105
HEAT INPUT, 105 Btu
Figure 7-1. Particulate emission regulations (Regulation A).
Assuming a 50-percent reduction in area-source emissions, and applying
Regulation A to all point sources,
the mathematical model shows
(Table 7-3) that
22 of the 34 receptor sites have annual average concentrations of 60 ug/m3 or
greater.
Of these, 19 have concentrations greater than 65 pg/m3,
10 greater
than 75 ug/m3 and 2 greater than 90 pig/m3; none has a concentration as large as
95 pg/m3.









that control of point sources
alone will not provide

























equal to or greater than 65 ug/m3
or greater than 75; none exceeded 80 pg/m3.































































































































































































































































































































































































    
aPercentages calculated from model estimates without compensation for background
concentrations.
bThe remaining 1 percent is contributed by refuse disposa1 sources.
Total Cost of Remedial Measures
 
  
Tab1e 7—2. RELATIVE CONTRIBUTIONS OF SOURCES TO GROUND-LEVEL CONCENTRATIONS
OF PARTICLES AND SULFUR OXIDESa IN PORT HURON — SARNIA AREA
    
Contribution of partic1es, % Contribution of sulfur oxides, %
Receptor Fue1 IndustriaI Area Fue1 Industria1 Area Refuse
site combustion processes sources combustion processes sources disposal
151 46 15 39 54 23 21 2
153 17 3 80 36 4 58 2
154 34 10 56 48 9 41 2
155 42 12 46 61 17 18 4
156 20 3 77 60 2 37 1
157 24 2 74 72 1 26 1
158 46 11 43 56 17 23 4
159 14 5 81 56 0 44 0
160 43 6 51 56 12 29 3
161 34 7 59 64 5 I 25 6
162 11 2 87 57 0 43 0
163 10 1 89 52 0 48 0
164 8 1 91 45 0 55 0
165 4 1 95 29 0 71 O
166 22 2 76 42 3 53 2
167 9 1 90 46 0 54 0
301 41 11 48 53 10 35 2
303 44 5 51 67 3 27 3
305 21 2 77 66 1 32 1
307 12 1 87 55 O 45 0
308 32 10 58 46 8 44 2
310 47 10 43 56 13 28 3
311 21 2 77 56 2 40 2
312 20 3 77 68 O 32 0
313 8 1 91 35 1 64 0
314 28 4 68 45 4 49 2
315 10 2 88 30 2 67 1
316 9 1 90 37 0 63 O
317 5 1 94 22 1 76 1
318 5 1 94 18 1 80 1
319 4 1 95 21 0 79 0
Average 27 6 67 53 3' 7 38 2
     
aPercentages calcuIated from model estimates without background concentrations.
A 50—percent reduction of area-source emissions effected through fuel changes and
banning of open burning, in addition to the enforcement of Regulation A with respect
to point sources, would produce an acceptable air quality for the region. Model
calculations show (Table 7—3) that only 5 of the 20 receptor sites have concentra-
tions equal to or greater than 60 ug/m3. Only one site exceeded 65 pLg/m3 and
none exceeded 70 [lg/m3.
72 SULFUR DIOXIDE CONTROL
None of the local control regulations in the Michigan portion of the region
specify restrictions on sulfur dioxide emissions, and the Ontario regulations
limit emissions on the basis of concentrations in the stack effluent plume at the
point of impingement. Accordingly, three arbitrary control strategies restricting
sulfur dioxide emissions were tested with the mathematical model.
Two of these
7-4
JOINT AIR POLLUTION STUDY
 A







































































































































































411 85.0 53.6 0.027 0.0096
412 69.0 52.6 0.022 0.0080
413 - — 0.020 0.0071
414 127.0 82.5 0.027 0.0129
415 115.0 72.4 0.027 0.0098
416 85.0 59.8 0.020 0.0079
417 73.0 54.3 0.015 0.0058
418 78.0 58.1 0.013 0.0051
419 92.0 66.0 0.018 0.0081
422 105.0 71.6 0.022 0.0097
423 71.0 55.3 0.013 0.0058
425 68.0 46.4 0.011 0.0047
426 93.0 66.4 - -
427 46.0 42.9 - -
aRegu1ations for partic1e contro1 and 80-percent reduction of $02 app1ied to a11
point sources; 50-percent reduction app1ied to a11 area source em1551ons.
strategies were more effective than the third and gave similar results. One of
these called for an across-the—board reduction of 80 percent of all sulfur dioxide
emissions, whereas the other required an 80-percent reduction in emissions from
combustion units burning more than 40, 000 tons of coal per year and a limitation




of emissions from sulfuric acid plants to Z, 000 ppm sulfur dioxide. The first of
these two reduction plans produced slightly more improvement in the computed
air quality and has been used in illustrating control strategies.
7. 2.1 Detroit — Windsor Area
Model computations show that the emission control strategy selected above
will provide a reasonable air quality with respect to sulfur dioxide in the Detroit-
Windsor area. Of the 38 receptor sites considered by the model, 32 have concen—
trations less than 0. 020 ppm, 27 less than 0. 0175 ppm, 20 less than 0. 0150, 14
less than 0. 0125, and 4 less than 0. 0100 ppm.
Table 7-1 shows the relative importance of area sources of sulfur dioxide to
the total concentrations measured at the receptor sites.
A reduction of 50 percent in the area-source emissions of sulfur dioxide
produces a substantial reduction in ground—level concentrations according to model
computations. When both point and area sources are controlled (Table 7-3), only
one of the 38 receptor stations considered by the model had an annual average con-
centration greater than 0. 015 ppm, and only 8 had concentrations greater than
0. 010 ppm.
7. 2. 2 Port Huron — Sarnia Area
Model estimates using a reduction of 80 percent for all point sources in the
Port Huron _ Sarnia area show that none of the receptor stations had a concentra-
tion exceeding 0. 017 ppm on an annual average basis.
Only one station had a
concentration greater than 0. 015 ppm;















































































































































































































































































































312 - - 0.024 0.007
313 - — 0.018 0.007
314 65 51 0.020 0.007
315 53 46 0.022 0.009
316 52 46 0.020 0.008
317 66 53 0.013 0.005
318 48 44 0.013 0.006
319 53 k 46 0.013 0.006
    
aRegulations for particle control and 80-percent reduction of $02 applied to all
point sources; 50-percent reduction of area source emi551ons.
.At the time of this study, fuel substitution, from coal to low-sulfur oil or from
coal to natural gas, was the most feasible method for achieving the required reduc-
tion of sulfur dioxide emissions from industrial boilers. No added collectors were
necessary for controlling particles (see Section 6 for control technology). When the
emission survey was made, in 1967, all power plants in the area were burning
coal, and only one could achieve the required reduction in sulfur dioxide emissions
by switching to coal of the lowest available sulfur content (0. 7 percent).. This
particular plant was meeting the particulate emission restrictions with its current

































































requirements and costs .
Total Cost of Remedial Measures 7'7 ’
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 | The majority of the industrial—process point sources have equipment for at
I
least partially controlling particulate emissions. The costs of add—on equipment
I necessary to attain the desired control were estimated for these sources. Since
this additional equipment must remove the fine particles not controlled by existing
devices, only wet scrubbers, electrostatic precipitators, or fabric filters were
considered.
For sources with no existing gas—cleaning equipment, literature surveys
determined the feasible control alternatives. Equipment capacities were deter—
mined from gas-flow rates or process weights, according to which was available.
Reduction of sulfur dioxide emissions from industrial processes frequently
requires process changes and each plant must be considered individually. Esti-
mates of annual costs for control have been based largely on data from the litera-
ture on modification of similar plants.
The emission sources for which control costs were estimated are industrial
boilers, power plants, and industrial processes.
The annual costs for the control of particles and sulfur dioxide for these
sources are given in Table 7—5.
Table 7-5.
ANNUAL COSTS OF CONTROL OF PARTICLES AND SULFUR DIOXIDE































































































































































No need to control



























Gas and oil combustion
Emissions <2.3 lb SOX/lO6 Btu
128
Carbon monoxide boiler
Emissions <2.3 lb SOX/lO6 Btu
i combustion
129 Various heaters, combustion Emissions <2.3 lb SOX/lO6 Btu
l30 Gas reboilers, combustion Emissions <2.3 lb SOx/lO6 Btu
l3l Cokers and reboilers, Emissions <2.3 lb SOx/lO6 Btu
combustion
l36 Incinerator Unable to control $02
137 Incinerator Unable to control 502
I38 Incinerator Unable to control 502
l39 Incinerator Unable to control 502
144 Incinerator Unable to control 802
l66 Sintering plant Unable to control 502
168 Blast furnace Improved maintenance practices to meet
reduction requirements
214 Coking process No additional control available
238 Casting cleaning Improved maintenance practices to meet
reduction requirements
24l Iron—melting cupola Insufficient information
243 Phenolic-curing oven Insufficient information
244 Cupola process Has been replaced by electric industrial
furnace
255 Incinerator Unable to control 502
267 Incinerator Unable to control 302
258 Incinerator Unable to control 502
259 Incinerator Unable to control $02
404 stone crusher Insufficient information





















7. 3. 1 Industrial Boilers
The following procedures were used in the Detroit Study to estimate the
annual cost of reducing present sulfur dioxide and particulate emissions that
result from combustion of coal or oil in industrial boilers.
Sulfur dioxide and
particulate control alternatives considered were fuel substitution and fuel
switching.
Mechanical collectors were not added to coal—burning boilers because
the strict sulfur dioxide reduction (80 percent) would force a switch from coal to
low-sulfur oil or coal to natural gas.




first determined the percentage sulfur
in fuel required to achieve that reduction.
The annual cost of sulfur dioxide control
was estimated on the basis of (l) the difference in cost ($/106 Btu) of the present
fuel and the proposed fuel (Table 7-7) and, (Z) the total energy consumed annually
in Btu’s.
Costs for boiler modifications were omitted inasmuch as these costs
represent only one or two percent of the total annual cost. 4
The assumption was
made that switching from coal to natural gas or from oil to natural gas will be
allowed only when the sulfur dioxide regulation cannot be met by switching to low-
sulfur oil.
The assumption was made because
of uncertainty regarding fuel
availability.
For example, should a large industrial plant or electric utility wish
to change to gas for pollution control purposes, negotiation between the gas distri-
butor and the potential gas consumer would be the only way to determine avail—
ability to that customer.
Also, supplying a large consumer would probably call
for expansion of existing gas facilities, at the distribution and/or the transmission
level.
Table 7-7. FUEL COSTS FOR DETROIT STUDY
























































































































































Costs are shown in Table
7-8.












1. Multiply present percentage sulfur in oil by 0. 2 to give the allowable
percentage sulfur content of the oil.
2. Compute the difference in cost between the present oil and the proposed
oil (A¢/106 Btu).
3. Compute the total Btu's of oil consumed:
Total annual cost = Total Btu (Ac/106 Btu)
106
7. 3. l. 2 Fuel Switching - Calculations for estimating the costs of substituting fuels
are presented below. Costs are shown in Tables 7-9 through 7-13.
Table 7-9. COST OF COAL
  






































































































































































































































































































































































































aCoal of this sulfur content is not
available.
7. 3. 1. Z. 3 High-sulfur oil to natural gas. Use this alternative only if switch-
ing from high-sulfur oil to low—sulfur oil does not satisfy sulfur emission regula—
tions.
1. Compute the total Btu's of oil consumed.
Total Btu : (1b) (Btu/1b)
2. Compute the cost of the oil presently being used.
Present cost = total Btu (C/lO6 Btu)
Table 7—12. COST OF OIL









3. Correct for boiler efficiency.
86
Corrected total Btu = total Btu
4. Compute the cost of the proposed natural gas.
Future cost = Corrected total Btu (55¢ /10
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7. 3. 2. 1 Fuel Substitution:
Coal to Low-Sulfur Fuel — All power plants are present-
ly burning coal.
Only one of these power plants could achieve an 80-percent reduc—
tion in present sulfur dioxide emissions by switching to low—sulfur coal.
Other
pOWer plants would require coal with a sulfur content of less than 0. 7 percent.
Because the cost of low-sulfur-content coal (less than 0. 7 percent) is not known,
and because its availability is uncertain, sulfur dioxide reduction alternatives
other than fuel substitution were used for economic evaluation of the remaining
power plants.
The power plant that could use fuel substitution is meeting the
particulate regulation; therefore, control costs for additional particulate control
equipment were not estimated.
1.
Multiply the percentage sulfur in coal by 0. 2 to give the allowable per-
centage sulfur in coal.
If the allowable percentage in coal is <0. 7, use
other sulfur dioxide reduction alternatives.
2.
Compute the difference in cost between the present and proposed fuels
(ac/106 Btu).
Table 7-13. COST OF COAL
 







3. Compute the total Btu's of coal consumed.




4. Compute the total annual costs.
_ total Btu
T.A.c. ———15;,— (AW/106 Btu)




























































































































































































































Permissible 1b SOX emissions
Corrected total Btu/106
Compute the cost of the proposed fuel oil.
Future cost = Corrected total Btu (c/106 Btu)
Compute total annual cost of control.
5.0. =
T.A. C.
: Future cost (from Step 6) - present cost (from Step 3)
Compute the total Btu's of coal consumed.
Total Btu = (1b) (Btu/1b)
Compute the cost of the coal presently being used.
Present cost = total Btu (ct/106 Btu)
Correct for boiler efficiency.










































Compute total annual costs.
7. 3. 2. 2. 2 Coal to natural gas.
Use this alternative only if switching from































      
Table 7-16. COST OF COAL
 







7. 3. 2. 3 Flue—Gas Scrubbing - Flue-gas scrubbing control cost calculations are
limited to evaluating the use of limestone (or dolomite) in a wet-scrubbing pro-
cess. The reasons for considering this process as opposed to others are: (l)
the dry limestone -injection process has a collection efficiency of only 40 to 60
percent and the reduction to be achieved by the proposed regulation is 80 percent;
(2) other processes, such as Reinluft, alkalized alumina, and catalytic oxidation
are under study, with no definitive data on the economics involved; (3) a design and
cost study recently completed by the Tennessee Valley Authority5 for NAPCA has
applied two variations of the limestone wet-scrubbing process with sulfur dioxide
collection efficiencies of greater than 80 percent.
 
The two processes used by TVA are: (1) injection of pulverized limestone
into a boiler with subsequent scrubbing of the flue gases to remove both flyash and
sulfur dioxide (Process A), and (Z) introduction of lime or pulverized limestone
directly into the scrubber recirculating slurry to remove sulfur dioxide and flyash
(Process B). The collection efficiencies of the two processes are given in Table
7-17.
Table 7-17. COST OF FLYASH AND SULFUR DIOXIDE
REMOVAL BY TVA PROCESSES
Flyash removal SO removal
efficiency, ef iciency,
Process Scrubber stages % %
A One 98.0 85
A Two 99.5 95
B One 98.0 20
B Two 99.5 85




for the limestone wet-scrubbing
processes were found to vary from $0. 64 to $2. 10 per ton of coal burned, depend-
ing upon factors such as sulfur content of the coal,
plant load factor,
and raw
material cost. A procedure was developed, using cost information given in the
TVA report, to estimate the annual control cost for Process A (two—stage scrub-
bing). Control costs for Process B are omitted since it is more expensive than
Process A.
7-16





























































































































































































power plant. 6 The equations are:
I. C. = $ X 106, where X 2 mW rating of power plant











the overall investment as follows:
A1% = 10% in overall investment
AI. C. = (% sulfur — 3. 5%) (0. 1) LC.
3.
Compute total investment cost by adding Steps (1) and (2):
Total I. C. = I. C. from Step (1) + AI. C. from Step (2)
4. Compute the total annual operating cost. This cost includes depreciation,
capital charges, taxes, insurance, etc. (Total = 14. 50% of I. C. per year).
Process A: X = mW rating; O.C. = $ x103
(1) If the mW rating is 0 to 540 mW use:
O.C. = 192. 3 + 2. 959X
(2) If the mW rating is > 540 mW use:
O.C. = 736 +1. 981x
5. Correct operating cost for sulfur content of fuel.
(Al% in sulfur content z¥AI3% in O. C.)
AO.C. = (% sulfur - 3. 5%) (0.13) (O.C.)
6. Compute total annual operating cost by adding Steps (4) and (5).
Total O.C. = O. C. from Step 4 +AO.C. from Step 5
7. If the actual average load factor is different from 91%, another
correction in operating cost must be made:
a. Calculate the cost per ton of coal at 91% load factor (L.F.)
by using the following conversion relation:
1 mW requires 3, 000 tons of coal
therefore:
 
O. C. from Step (6)
$/ton coal : (3, 000 tons /mW) (mW rating of power plant)
b. Calculate the change in operating cost per ton of coal as follows
(for Process A):
Total Cost of Remedial Measures
7'17
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(1) If the load factor is 64 to 91%, uSe ($/t0n coal) = ($/ton
coal at 91%) + (91% — L.F.) (0. 00642) ($/ton coal at 91%)
(2) If load factor is 33 to 64% use:
($/ton coal) = 1.2309 ($/ton coal at 91%)
+ (64% - L.F) (O. 0208) (l. 2309) ($/ton coal at 91%)
(3) If load factor is 17 to 33% use:
($/ton coal) = (Z. 0246) ($/ton at 91%) +
(33% - L.F.) 0. 0477 (2. OZ45)($/ton at 91%)
8. Compute total annual control cost.
T. A. C. : present fuel consumption (in tons of coal per year) X
$ (from Step 7b)
ton coal
7. 3. 3 Industrial Processes
7. 3. 3. l Particulate Emissions - At present, industrial sources requiring reduc-
tions in particulate emissions are either partially controlled or completely uncon-
trolled.
The costs of controlling respective types of sources are given in the
following sections.
7. 3. 3. 1.1 Partially controlled process sources.
The majority of sources
were partially controlled by equipment designed for a given gas volume.
For
these sources it is assumed that add—on gas-cleaning equipment will be used to
reduce present particulate emissions to the allowable level.
If a partially con-
trolled source needed only 10 percent additional control or less to meet the regu-
lation, it was assumed that compliance would be obtained by improving maintenance
practices for the existing control equipment, with no major capital expenditure.
Equations for annual control costs for three types of particulate gas—cleaning




or fabric filters are
used as add~on gas-cleaning equipment.
Only these three types of gas-cleaning
equipment are capable of removing fine particles not removed by the existing gas-
cleaning equipment.
Since detailed information needed to make
precise
cost
estimates was not available,
several assumptions were made
as required,
and


















8,760 - actual hours
of operation).
Wet scrubbers




































y = 0.987 + 0.6152x - (51.70 X10'6)AH(X)
3. High efficiency, 95 to 99. 5 percent.
a. Low cost: y = 1.481 + 0.6470X - (55.91 x10'6)AH(X)
























































































































































































y = 4. 714 + 0.1394x
— (3. 8 x10‘6)AH(X)
2. Medium efficiency, 88 to 94 percent.
a.
Low cost:
y = 9. 082 + 0.1497X - (1. 3 x10'6)AH(X)
b.
High cost: y s 9. 082 + 0. ZO38X - (5. 20 x10'6)AH(X)
3. High efficiency, 95 to 99. 5 percent.
a. Low cost: y = 14.51 + 0.2407X _ (2.0 x 10'6)AH(X)
b. High cost: y = 14. 51 + 0. 3132X - (8.0 x 10'6)AH(X)
Low—voltage electrostatic precipitators (<50, 000 acfm)
1. Low efficiency, 11 to 87 percent.
a. Low cost: y = 0. 7706 + 0.2374x — (0. 075 x 10‘6)AH(X)
b. High cost: y = 0.7706 + 0.2568x - (0.300 x10'6)AH(X)
2. Medium efficiency, 88 to 94 percent.
a. Low cost: y : 1.046 + 0.2877x _ (0.14 x 10‘6)AH(X)
b. High cost: y = 1.046 + 3060X - (0.56 x 10‘6)AH(X)
3. High efficiency, 95 to 99. 5 percent.
a. Low cost: y = 1.378 + 0. 4553x _ (0.2 x1046)AH(X)
b. High cost: y = 1.378 + 0.4756X _ (0. 80 x10‘6)AH(X)
Basically, the equations were derived by: (1) assuming four gas -flow rates
(25, 000', 50, 000; 100, 000; and 150, 000 acfm) for each type of gas—cleaning equip-








ting annual control cost for each type of gas-cleaning equipment at each gas
volume; (4) writing an equation relating the calculated costs and assumed gas-flow
rates; and (5) adjusting the equation for actual hours of operation. The procedure
i used to estimate the annual control costs in Step (3) above is:
1. Calculate the purchased cost of add—on gas—cleaning equipment.





y = l. 257 + 0.145X
3
Medium efficiency
y = 2. 886 + O. ZZSX
High efficiency y = Z. 886 + O. ZZ8X
Fabric filters:
Type "A". High—temperature synthetics, woven and felt.
Continuous automatic cleaning.
y : 1.448 + 0.838X
Type "B".
Medium-temperature synthetics, woven and felt.
Continuous automatic cleaning.










































Add the installation cost factor to the purchased cost to get total
‘
installed cost.
The installation cost factor is expressed as a per—










and erection of equipment.
The installation
1‘;
cost factor is assumed and varies according to the type and efficiency







































































































































































































































































































































88 to 94 95 to 99



















































































































































      




























































































































































































































460 + Assumed gas temperature







460 + Assumed gas temperature
Adjusted gas volume at 500° F
D. (Given gas volume) ( 460 + 750 ) =
460 + Assumed gas temperature
Adjusted gas volume at 750° F
3. Determine annualized control costs by first referring to Table 7—19
to get the appropriate control equipment for the desired efficiency.
Next, refer to Table 7-20 to get the adjusted gas volume to be used
in the equations in Table 7—21 (X is in thousands of cubic feet per
minute;AI—I = 8,760 - actual hours of operation; CL and CH are in
thousands of dollars).
7. 3. 3.1. 2. Uncontrolled process sources. For sources with no existing gas-
cleaning equipment, standard procedures could not be followed. For these sources,
individual cost estimates based upon literature surveys were made to determine
feasible control alternatives. Gas volumes to be handled by the equipment were
estimated by converting given pounds of gas per hour to standard cubic feet per
minute. If feasible control alternatives, gas volumes, and hours of operation
are known, estimates of annual costs of control can be made. The above proced-
ures were followed except Where lack of information on pounds of gas per hour
prevented conversion to a gas flow rate or where control costs could be calculated

























































































aA lower limit of ll percent is given because it was assumed that if a
percent additional
control








ESTIMATION OF ADJUSTED GAS VOLUMES FOR DETERMINING SIZE
OF ADD—0N CONTROL EQUIPMENT
Table 7-20.
partially controlled source needed only l0


















































CL = 0.3224 + 0.1088X — (4.83 x 10‘6)AH(X)
CH = 0.3224 + 0 2716x - (18.89 x 10‘6)AH(X)
84 to 94
CL = 0.987 + 0 2146x - (13.03 x 10‘6)AH(X)
CH = 0.987 + 0.6152x - (51.70 x 10‘6)AH(X)
95 to >99
CL = 1.481 + 0 6470x - (55.91 x 10'6)AH(X)
CH = 1.481 + 2.2202x - (223.21 x 10'6)AH(X)
Electrostatic
11 to 87
CL = 0.7706 + 0.2374x — (0.075 x 10'6)AH(X)
f;§¢;g}§§g§ts CH = 0.7706 + 0.2568x - (0.300 x 10'6)AH(X)
<50,000 acfm
88 to 94
CL = 1.046 + 0.2877x - (0.14 x 10'6)AH(X)
CH = 1.046 + 0 3060x - (0.56 x 10‘6)AH(X)
95 to 99.5 cL = 1.378 + 0 4553x - (0.2 x 10'6)AH(X)
CH = 1.378 + 0 4756x - (0.80 x 10‘6)AH(X)
Electrostatic 11 to 87 cL = 4.714 + 0.0944x - (0.95 x 10‘6)AH(X)
ﬁggﬁlegfigggs CH = 4.714 + 0.1394x - (3.8 x 10‘6)AH(X)
88 to 94 CL = 9.082 + 0 1497x — (1.3 x 10'6)AH(X)
CH = 9.082 + 0.2038X - (5.20 x 10‘6)AH(X)
95 to 99.5 CL = 14.51 + o 24o7x — (2.0 x 10'6)AH(X)
CH = 14.51 + 0.3132x - (8.0 x 10'6)AH(X)
Fabric filters Type “A” LL = 0.373 + 0.3299x - (3.9 x 10'6)AH(X)
>99 CH = 0.496 + 0.5044x - (15.6 x 10'6)AH(X)
Iype “B” CL = 0.893 + 0.1995x - (3.9 x 10'6)AH(X)






















example, cupola melt rates from grey-iron foundries can be used as a basis for
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 Table 7-22.











































































Wet scrubbing with soda ash liquor
Wet scrubbing with soda ash liquor
Double—absorption—contact acid
plant
Wet scrubbing with soda ash liquor
Convert to sanitary landfill
Electrostatic precipitator; wet







Convert to sanitary landfill
Replace with incinerator;wet


















































































































































































JOINT AIR POLLUTION STUDY
   
Next, annual
s with the flares;
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UNITED STATES AND CANADA
PUBLIC HEARINGS
AIR POLLUTION
DETROIT/WINDSOR u SARNIA/PORT HURON
At the request of the Governments of Canada and the United
States, the Commission is investigating air pollution in the
above areas to ascertain whether the air is being polluted on
either side of the international boundary by quantities of
contaminants that are detrimental to the public health, safety,
or general welfare of citizens or to property on the other
Slde or the international boundary, and the sources of any such
pollution. If such air pollution is taking place, the
CommiSSion is also to recommend the most practical remedial
measures.
A report to the Commission by its International St Clair—
Detroit Air Pollution Board, entitled "Joint Air Pollution Study
of St Clair—Detroit River Areas", was released to the public on
February 4, 1971. Copies may be obtained from the Commission's
Secretaries in Ottawa or Washington.






















gation or the said report of its Board, the Commission will
conduct public hearings at the times and places listed hereunder.
















































































































































































































































media and others interested.
Dates and Places of Hearings
 
Date
Ai
r
Po
ll
ut
io
n
in
th
e
vi
ci
ni
ty
of
Sa
rn
ia
-P
or
t
Hu
ro
n
Ma
rc
h
10
,
19
71
9:
00
a.
m.
Sa
rn
ia
Pu
bl
ic
Li
br
ar
y
an
d
Ar
t
Ga
ll
er
y
12
4
So
ut
h
Ch
ri
st
in
a
St
re
et
Sarnia, Ontario
Time Place
  
Ai
r
Po
ll
ut
io
n
in
th
e
vi
ci
ni
ty
of
De
tr
oi
t—
Wi
nd
so
r
Ma
rc
h
11
,
19
71
9:
00
a.
m.
En
gi
ne
er
in
g
So
ci
et
y
of
De
tr
oi
t
ES
D
Th
ea
te
r,
Ra
ck
ha
m
Me
mo
ri
al
Bl
dg
.
100 Farnsworth Street
Detroit, Michigan
D.G. Chance
S
e
c
r
e
t
a
r
y
,
C
a
n
a
d
i
a
n
S
e
c
t
i
o
n
I
n
t
e
r
n
a
t
i
o
n
a
l
J
o
i
n
t
C
o
m
m
i
s
s
i
o
n
R
o
o
m
85
0,
15
1
S
l
a
t
e
r
S
t
r
e
e
t
Ot
ta
wa
4,
On
ta
ri
o,
Ca
na
da
.
William A. Bullard
Secretary, U.S. Section
In
te
rn
at
io
na
l
Jo
in
t
Co
mm
is
si
on
Washington, D.C. 20440
STOP 86
February 1, 1971.
 
